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Polaroid Corporation Announces 


Now you can make slides right in your office, laboratory 
or classroom—and have them ready to project in minutes. 


Polaroid Corporation has perfected a film 
which produces black-and-white slides right in the 
camera. You simply load a regular Land camera with 
this new film, click the shutter, pull a tab and lift 
out a transparency of exceptional photographic 
quality. It’s ready to project 20 seconds later, after a 
quick hardening and mounting in a snap-together 
plastic mount. It’s now as easy to use slides in your 
work as it is to pick up a phone or dictate a letter. 


The complete system includes the standard 
Folaroid® Land Camera, the film, mounts, hardener 
aud projector, plus a versatile Copymaker that lets 
you make slides from any text material, existing 
photographs, charts, graphs, titles or what have you. 
You have a choice of two sizes of film—2% x 24, or 
3% x 4 (for existing “Lantern Slide” projectors). 
The quality of the film is remarkable—brilliant, 
grainless, and so sharp that projection to 12-foot 
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(2) Simply slip it into a mount, and (3) project it as big as you want. 


Immediate Transparency System 


screens shows uo loss of detail. And it’s extraordi- 
narily fast (speaking photographically, now)—day- 
light speed of 1000 (ASA equivalent exposure index). 

The slides cost about one-third as much as 
conventional slides. But the real saving is in the time 
and effort that it takes to put a picture on the screen. 
Whenever you’ve been on your feet before a group, 
you’ve felt the need for a key picture (or perhaps 
several) to make sure your information gets across. 
Now you can make those pictures right in your office, 
classroom or laboratory and begin to use your 


listeners’ eyes as well as their ears. Send in this 
coupon for more detailed information. 


Polaroid Corporation 
Dept. S-7 - Cambridge 39, Massachusetts 


Please send me detailed information on the new Polaroid 
Transparency System. 


Name 


: Profession or Position 


“institution or Company 
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There Is a 
Delicate : 
Balance... 


between 


QUALITY and 
ECONOMY 


NUTRITIONAL BIOCHEMICALS CORPORATION always 
assures you the economy of lowest possible prices . . . 
yet never sacrifices their proudest asset — quality of 
product. 


@ OVER 200 AMINO ACIDS @ MISCELLANEOUS BIOCHEMICALS 
@ OVER 75 PEPTIDES @ VITAMINS 


ENZYMES 
@ OVER 200 NUCLEOPROTEINS, ® 
PURINES, PYRIMIDINES @ GROWTH FACTORS 


@ STEROID HORMONES 
€ @ BIOLOGICAL SALT MIXTURES 
@ BIOLOGICAL TEST MATERIALS 


NUTRITIONAL 
BIOCHEMICALS 


CORPORATION 
21010 Miles Avenue ... Cleveland 28, Ohio 


Write Dept. 102 


SCIENCE -1956 «+ 


ON MICROCARDS 


The response to the Microcard edition has 
encouraged us to make volumes 123 and 124 
of SCIENCE available in this form. 


One hundred 3”x5” cards contain 2252 
pages of SCIENCE for the year 1956. 


The space saving is considerable—25 sets 
of Microcards take up approximately the 
same space as a single bound volume of 
SCIENCE covering the same period. The 
bother and expense of binding are com- 
pletely eliminated. In spite of the increase 
in format, the price remains unchanged: 


Microcard edition of SCIENCE, 1953 $15.00 
of SCIENCE, 1954 $15.00 
of SCIENCE, 1955 $15.00 
of SCIENCE, 1956 $15.00 


Second half of 1956 only ........ $ 7.50 
AAAS 
x 1515 Mass. Ave., NW 
Washington 5, D.C. 


B/RD 


ELECTROPHORESIS 


APPARATUS 


The power supply is housed in an attractively finished 
sheet metal case. The unit is complete with a 0 to 50 
millimeter, off-on switch, safety fuses and polarized 
receptacle for connecting migration chamber. The maxi- 
mum output without load is approximately 300 volts 
D.C. milliamperes. The output current is adjustable from 
0 to 50 milliamperes by means of a single control. 
CAT. NO. 18-2871 


MIGRATION CHAMBER is fabricated from %” clear 
acrylic plastic. The cover is made from the same mate- 
rial and is crowned. This keeps the condensation from 
dripping into the chamber. When the cover is removed, 
two inter-locking safety switches are actuated, break- 
ing the current to the titanium electrodes. The paper 
is supported on one half inch plastic rods and a remov- 
able plastic bar. The distance between the rods is 19.5 


centimeters, Experiments using varied widths of paper 
may be performed. The capacity of the unit allows use 
of any one of the following: 12 strips “2” wide, 6 strips 
1” wide or 4 strips 1%” wide. 

CAT. NO. 18-2872 


The Bird Electrophoresis Apparatus is furnished com- 
plete with power supply, migration chamber and 
necessary connecting leads for operation on 115 volt 
AG. 


CAT. NO. 18-287 


PEHIPPS & BIRD, me. 


6th & Byrd Streets - Richmond, Va. 


SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., 
matter under the act of 3 March 1879. Annual subscript 
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Seitz first in precision optics 
LEITZ PHASE CONTRAST OBJECTIVES 


The complete line of LEITZ PHASE CONTRAST OBJECTIVES makes possible a wide range 
of magnifications and working distances in phase contrast microscopy. Manufactured to the 
highest standards known to optical science, LEITZ PHASE CONTRAST OBJECTIVES include 
water and oil immersion types as well as high dry objectives with exceptionally long working 
distances. The latter, available with high contrast, are particularly desirable for tissue 
culture examinations. 


The LEITZ PHASE CONTRAST CONDENSER, when used with high dry objectives, has a 
working distance of approximately 12 millimeters—one example of the many advantages 
of LEITZ PHASE CONTRAST. 


A reputation for integrity and a tradition of service have led thousands of scientific workers to 
bring their optical problems to Leitz. If you have problems in this field, why not let us help you 
“with them? 


E. LEITZ, INC., Dept. SC-7 
468 Fourth Avenue, New York 16, N. Y. 


Please send me the Leitz brochure. 


See your Leitz dealer and examine these Leitz 
instruments soon. Write for information. 


&. LEITZ, IinC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 

Distributors of the world-famous products of 

Ernst Leitz G.m.b.H.,Wetzlar Germany- Ernst Leitz Canada Ltd. 

LEICA CAMERAS LENSES MICROSCOPES BINOCULARS 
19 JULY 1957 


1 
lass 
126 101 


DIDYMIUM 


A plentiful and economical rare earth mixture 


a report by LINDSAY 


. 


You have often watched a welder at 
work, watched briefly that is, because 
the intense glare, even at a safe dis- 
tance, forced you to turn your eyes 
away. And you wondered perhaps how 
it is that a welder, even with protective 
goggles, can focus his eyes on a weld- 
ing spot for minutes at a time. 

The secret, of course, is Didymium. 
The lenses in the welder’s goggles, and 
in the glass blower’s goggles, too, are 
made with didymium which com- 
pletely absorbs yellow sodium light, 
thereby reducing glare and eye fatigue. 


WHAT IS DIDYMIUM? 


In 1842, a European chemist named 
Mosander separated from a crude rare 
earth mixture some material he called 
“didymium.” He thought it was a new 
element. Actually it was a mixture of 
rare earths predominantly neodymium 
and praseodymium. Classically, didy- 
mium means a mixture of Nd and Pr. 
However, commercially, the name di- 
dymium is restricted to the cerium-free 
group of rare earths extracted from mo- 
nazite ore, since the composition of the 
mixture is reasonably constant. 
Didymium is the basic material from 
which all the other rare earths except 


cerium are produced. Lindsay pro- 
duces didymium in various forms for 
different applications. For example: 


Didymium Carbonate—pink powder, 
insoluble in water, soluble in acids. 


Didymium Oxide—brown powder, 
insoluble in alkalis, soluble in acids. 

Didymium Chloride—pink lumps, 
soluble in water and acids. 


TYPICAL APPROXIMATE 
COMPOSITION OF RARE EARTHS 
_IN DIDYMIUM MATERIAL 


Sm203 . . 4% 


Other rare earths and 
yttrium oxides. . . 2% 


Didymium is one of the most economi- 
cal forms of rare earth mixtures and is 
available for prompt shipments in car- 
load quantities. It is useful for the col- 
oring characteristics of Nd and Pr and 
for some of the other rare earth proper- 
ties where purity is of secondary im- 
portance. 

In addition to its extensive applica- 
tion in the production of lenses for 


Absorption Spectrum 


of 
DIDYMIUM CHLORIDE 


SOLUTION 


from monazite containing 
1 g. rare earth 


oxide/100 ml. compared 
with water in 5 cm. cells 


400 500 600 700 800 
WAVELENGTH-MILLIMICRONS 


PLEASE ADDRESS INQUIRIES TO 


Linpsay (CHEMICAL (OMPANY 


280 ANN STREET * WEST CHICAGO, ILLINOIS 


a ‘ 


welders’ and glass blowers’ goggles, di- 
dymium has other important uses. In 
coloring and decolorizing of glass. As a 
porcelain coloring agent. In light filters 
for calibration of instruments. To con- 
trol the temperature coefficient of ca- 
pacitance in barium-titanate ceramic 
condensers for radio and electronic use 
(U.S. Pat. 2,398,008). In stainless steels 
which are forged hot (U.S. Pat. 
2,553,330). 

We'd like to tempt you to investigate 
didymium and other rare earth salts as 
possible materials for use in your chem- 
ical and manufacturing processes. The 
very fact that important companies in 
a wide cross-section of industry, 
through their own research, have dis- 
covered profitable applications for the 
rare earths may intrigue your own re- 
search people. 

We can be helpful to you and will be 
pleased to supply any information we 
can. Please keep in mind that we pro- 
duce rare earths in purities up to 99.9% 
and higher in some cases (which is an 
achievement in itself), Shipments, de- 
pending on the salts you may need, can 
be made to fit your schedules in quan- 
tities from a gram to a carload. 

SCIENCE, VOL. 126 
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When Is Development Not Development? 


The largest single source of funds in this country for scientific work is 
the Defense Department, but government officials and private citizens alike 
can easily fail to appreciate just how large this source is. In the President’s 
fiscal 1958 budget, the $1.7 billion request for research and development 
does not include the expensive late development stage, which is financed 
instead by funds from the procurement and production appropriation. For 
example, it is largely this second category that covers the ballistic missile 
program, which is now spending money considerably faster than did the 
atomic bomb project during World War II. Assistant Secretary of Defense 
(Comptroller) W. J. McNeil estimates that the funds from procurement 
and production plus the amount budgeted directly to research and develop- 
ment plus certain other items, such as salaries for military personnel, may 
equal $5.3 billion. 

Several questions come to mind. Is the Defense Department’s present 
accounting system the best one from the viewpoint of administering the 
funds? If not, does it serve some special purpose? 

Granted, the task of categorizing even the simplest of items can be made 
difficult by unusual circumstances. In Through the Looking-Glass, Alice 
was unable to decide whether the handsome article encircling Humptv 
Dumpty’s ample form was a cravat or a belt. “ ‘If I only knew,’ she thought 
to herself, ‘which was neck and which was waist.’” In the same way, the 
late development stage can be grouped with procurement and production, 
because a limited number of prototype weapons systems must be purchased 
for testing and evaluation. But the late development stage can also be 
grouped with research and development, because the mere acquisition of 
prototypes is not procurement and production in the basic sense of obtain- 
ing inventory quantities of the wherewithal to fight a war. 

The present riddle, however, is something more than an exercise in logic. 
On the one hand, with the early and late development stages in separate 
appropriations, there is evidence that some officials in the Defense Depart- 
ment have difficulty in determining in detail how the three military depart- 
ments are actually spending money. To this extent, the Defense Department 
cannot fulfill its function of assuring that our scientific resources are being 
used to best advantage. 

On the other hand, there is the argument that the late development stage 
should remain under procurement and production because it is easier to get 
funds for that category. In illustration, the following exchange took place, 
during the House Military Appropriations hearings, between Chairman 
George H. Mahon (D Tex.) and Deputy Secretary of Defense Donald A. 
Quarles. Mahon: “. . . from a psychological or strategic point of view, 
[do] you think it would be more difficult for the Defense Department to 
get the Congress and Congress to get acquiescence from the public for such 
a vast sum as $6 billion for research and development?” Quarles: “I would 
think so. That is my sense of the situation, for what it is worth.” Mahon: 
agree.” 

Is the latter argument to be taken as overriding? Is development not de- 
velopment when it is a question of seeking appropriations from Congress? 
Or is it possible that public acceptance of the place of science in our welfare 
and security has been underestimated?—J. T. 
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WRITE FOR INFORMATIVE LITERATURE 
Ask for Catalog D-1057. Demonstration, too, on 
your request. Bausch & Lomb Optical Co., “4219 
St. Paul Street, Rochester 2, New York. 


America’s only complete optical source... from glass to finished product. 


Bausch & Lomb 


RESEARCH 
Microscopes 


NOW! RIGHT LIGHT...AUTOMAT- 
ICALLY! New Variable Focus Achromatic 
Condenser instantly and automatically adjusts 
light from B&L Professional Illuminator PR-27 
to match any objective . . . for critical resolution 
of any object on the stage. Ends need of swing-in 
auxiliary condenser for low-power objectives. 
Standard equipment on 8 of the 14 new micro- 
scope models; optional on ali others. 


CAREER OPPORTUNITIES! Do you know a science 
major or graduate student who wants to grow with the 
major optical supplier to science, industry, defense? Chal- 
lenging careers in applied science, research engineering. 
For a successful, rewarding future, have him write today 
for “OPPORTUNITIES UNLIMITED.” 


NEW EASE! Exclusive B&L Dynoptic design 
combines low-position controls, for hand-at-rest 
operation, with effortless ball-and-roller-bearing 
glide motion focusing. Inclined eyepieces permit 
comfortable position during prolonged examina- 
tion. 


NEW SPEED! Instant settings for critical 
resolution with any objective. Quick orientation, 
rapid repeat settings with graduated, rotatable 
circular stage. (Square stage available.) Ready for 
observation more quickly than any other research 
microscope! 


NEW ACCURACY! Maximum resolution 
for critical study of “difficult” materials and struc- 
tures... visual or photomicrographic... by bright 
field, dark field, polarized light, or phase contrast. 
Balcoted apochromatic objectives, compensating 
eyepieces, and automatic Variable Focus Achro- 
matic Condenser assure sharpest contrast, finest 
detail. 


PLUS... many other exclusive advantages, 
important to you and your work. 
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Research Leading to 


Point-Contact Transistor 


In this article I attempt to describe 
the ideas and experiments which led to 
the discovery of the transistor effect as 
embodied in the point-contact transistor. 
Some of the important research done 
subsequent to the discovery has been 
described by William Shockley (/) and 
Walter H. Brattain (2). As we shall see, 
the discovery was but a step along the 
road of semiconductor research to which 
a great many people in different coun- 
tries have contributed. It was dependent 
both on the sound theoretical foundation 
largely built up during the 1930’s and 
on improvement and purification of ma- 
terials, particularly of germanium and 
silicon, in the 1940’s. About half of this 
article is devoted to an outline of con- 
cepts concerning electrical conduction 
in semiconductors and rectification at 
metal-semiconductor contacts as they 
were known at the start of our research 
program. 

The discovery of the transistor effect 
occurred in the course of a fundamental 
research program on _ semiconductors 
initiated at Bell Telephone Laboratories 
in early 1946. Semiconductors was one 
of several areas selected under a broad 
program of solid-state research, of which 
S. O. Morgan and W. Shockley were 
coheads. In the initial semiconductor 
group, under the general direction of 
Shockley, were W. H. Brattain, who was 
concerned mainly with surface proper- 
ties and rectification, G. L. Pearson, who 


Dr. Bardeen is professor of physics and of elec- 
trical engineering at the University of Illinois, Ur- 
bana. This article is based on the address he gave 
in Stockholm, Sweden, en 11 Dec. 1956, when he 
was awarded the Nobel prize in physics, a prize 
which he shared with Walter H. Brattain and Wil- 
liam Shockley. It is published here with the per- 
mission of the Nobel Foundation. Dr. Brattain’s 
Nobel address will appear in the 26 July issue of 
Science. 
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John Bardeen 


was concerned with bulk properties, and 
I, who was interested in the theoretical 
aspects of both. Later, a physical chem- 
ist, R. B. Gibney, and a circuit expert, 
H. R. Moore, joined the group and 
made important contributions, particu- 
larly to chemical and instrumentation 
problems, respectively. 

It is interesting to note that, although 
Brattain and Pearson had had consider- 
able experience in the field prior to 
World War II, none of us had worked 
on semiconductors during the war years. 
We were able to take advantage of the 
important advances made in that period 
in connection with the development of 
silicon and germanium detectors and at 
the same time to have a fresh look at 
the problems. Considerable help was ob- 
tained from other groups in Bell Lab- 
oratories which were concerned more 
directly with war-time developments. 
Particular mention should be made of 
the work of J. H. Scaff, H. C. Theuerer, 
and R. S, Ohl. 


Bases of the Work 


The general aim of the program was 
to obtain as complete an understanding 
as possible of semiconductor phenomena, 
not in empirical terms, but on the basis 
of atomic theory. A sound theoretical 
foundation was available from the fol- 
lowing work done during the 1930's. 

1) Wilson’s quantum mechanical the- 
ory (3), based on the energy band 
model, and describing conduction in 
terms of excess electrons and holes. This 
theory is fundamental to all subsequent 
developments. It shows how the concen- 
tration of carriers depends on the tem- 
perature and on the impurities. 

2) Frenkel’s theories of certain photo- 


CIENCE 


conductive phenomena (4) (change of 
contact potential with illumination and 
the photomagnetoelectric effect) in 
which general equations were intro- 
duced that describe current when non- 
equilibrium concentrations of both holes 
and conduction electrons are present. 
Frenkel recognized that flow may occur 
by diffusion in a concentration gradient 
as well as by an electric field. 

3) Independent and parallel develop- 
ments of theories of contact rectifica- 
tion by Mott (5), Schottky (6), and 
Davydov (7). The most complete 
mathematical theories were worked out 
by Schottky, and his coworker, Spenke. 

Of great importance for our research 
program was the development during 
and after World War II of methods of 
purification and control of the electric 
properties of germanium and silicon. 
These materials were chosen for most 
of our work because they are well suited 
to fundamental investigations with the 
desired close coordination of theory 
and experiment. Depending on the na- 
ture of the chemical impurities present, 
they can be made to conduct by either 
excess electrons or holes. 

Largely because of their commercial 
importance in the manufacture of recti- 
fiers, most of the experimental work in 
the 1930’s was done on copper oxide 
(Cu,O) and selenium. Both chemicals 
have complex structures and conductivi- 
ties which are difficult to control. Al- 
though the theories of their operation 
provided a good qualitative understand- 
ing of many semiconductor phenomena, 
they had not been subjected to really 
convincing quantitative checks. In some 
cases, particularly in rectification, dis- 
crepancies between experiment and the- 
ory were quite large. It was not certain 
whether the difficulties were caused by 
something miss*ag in the theories or by 
the fact that the materials used to check 
the theories were far from ideal. 

In the United States, research on 
germanium and silicon was carried out 
during the war by a number of univer- 
sity, government, and industrial labora- 
tories in connection with the develop- 
ment of point-contact or “cats-whisker” 
detectors for radar. Particular mention 
should be made of the study of ger- 
manium by a group at Purdue University 
working under the direction of K. Lark- 
Horovitz and of silicon by a group at 
the Bell Telephone Laboratories. The 
latter study was initiated by R. S. Ohl 
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before the war and was carried out sub- 
sequently by him and by a group under 
J. H. Scaff. By 1946, it was possible to 
produce relatively pure polycrystalline 
materials and to control the electric 
properties by introducing appropriate 
amounts of donor and acceptor impuri- 
ties. Some of the earliest work (1915) 
on the electric properties of germanium 
and silicon was done in Sweden by C., 
Benedicks. 


Beginnings” 


Aside from the intrinsic scientific in- 
terest of semiconductors, an important 
reason for choosing this group of mate- 
rials as a promising field in which to 
work was that they had many and in- 
creasing applications in electronic de- 
vices, which, in 1945, included diodes, 
varistors, and thermistors. There had 
long been the hope of making a triode, 
or an amplifying device, with a semi- 
conductor, Two possibilities had been 
suggested. One followed from the anal- 
ogy between a _ metal-semiconductor 
rectifying contact and a vacuum-tube 
diode. If one could somehow insert a 
grid in the space-charge layer at the 
contact, one should be able to control 
the flow of electrons across the contact. 
A major practical difficulty was that the 
width of the space-charge layer is typi- 
cally only about 10-4 centimeter. That 
the principle is a sound one was demon- 
strated by Hilsch and Pohl (8), who 
built a triode in an alkali halide crystal 
in which the width of the space-charge 
layer was of the order of 1 centimeter. 
Because its amplification was limited to 
frequencies of less than 1 cycle per sec- 
ond, this device was not practical for 
electronic applications. 

The second suggestion was to control 
the conductance of a thin film or slab of 
semiconductor by application of a trans- 
verse electric field (called the field ef- 
fect). In a simple form, the slab forms 
one plate of a parallel-plate condenser, 
the control electrode being the other 
plate. When a voltage is applied across 
the condenser, charges are induced in 
the slab. If the induced charges are mo- 
bile carriers, the conductance should 
change with changes of voltage on the 
control electrode. This form was sug- 
gested by Shockley; his calculations in- 
dicated that, with suitable geometry and 
materials, the effect should be large 
enough to produce amplification of an 
alternating-current signal (9). 

Point-contact and junction transistors 
operate on a different principle than 
either of these two suggestions, one not 
anticipated at the start of the program. 
The transistor principle in which both 
electrons and holes play a role was dis- 
covered in the course of a basic research 
program on surface properties. 
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_Shockley’s field-effect proposal, al- 
though initially unsuccessful, had an im- 
portant bearing in directing the research 
program toward a study of surface phe- 
nomena and surface states. Several tests 
which Shockley carried out at various 
times with J. R. Haynes, H. J. Mc- 
Skimin, W. A. Yager, and R. S. Ohl, 
using evaporated films of germanium 
and silicon, all gave negative results. In 
analyzing the reasons for this failure, it 
was suggested (/0) that there were states 
for electrons localized at the surface, 
and that a large fraction of the induced 
charge was immobilized in these states. 
Surface states also accounted for a 
number of hitherto puzzling features of 
germanium and _ silicon point-contact 
diodes. 

In addition to the possibility of prac- 
tical applications, research on surface 
properties appeared quite promising 
from the viewpoint of fundamental sci- 
ence. Although surface states had been 
predicted as a theoretical possibility, 
little was known about them from ex- 
periment. The decision was made, there- 
fore, to stress research in this area. The 
study of surfaces initiated at that time 
(1946) has been continued at Bell Lab- 
oratories and is now being carried out 
by many other groups as well (11). 

It is interesting to note that the field 
effect, originally suggested for possible 
value for application to a particular de- 
vice, has been an extremely fruitful tool 
for the fundamental investigation of sur- 
face states. Furthermore, with improve- 
ments in semiconductor technology, it is 
now possible to make electronic ampli- 
fiers with high gain which operate on 
the field-effect principle. 

Before discussing the research pro- 
gram, I shall give first some general 
background material on conduction in 
semiconductors and metal-semiconductor 
rectifying contacts. 


Nature of Conduction 


in Semiconductors 


An electronic semiconductor is typi- 
cally a valence crystal whose conduc- 
tivity depends markedly on temperature 
and on the presence of minute amounts 
of foreign impurities. The ideal crystal 
at absolute zero is an insulator. When 
the valence bonds are completely occu- 
pied and there are no extra electrons*in 
the crystal, there is no possibility for 
current. Charges can be transferred only 
when imperfections are present in the 
electronic structure, and these can be of 
two types: (i) excess electrons which do 
not fit into the valence bonds and which 
can move through crystal and (ii) holes, 
places from which electrons are missing 
in the bonds, which also behave as mo- 
bile carriers. Although the excess elec- 
trons have the normal negative elec- 


tronic charge, —e, holes have a positive 
charge, + e. It is a case of two negatives 
making a positive; a missing negative 
charge is a positive defect in the electron 
structure. 

The bulk of a semiconductor is elec- 
trically neutral; there are as many posi- 
tive charges as negative ones. In an 
intrinsic semiconductor, in which current 
carriers are created by thermal excita- 
tion, there are approximately equal num- 
bers of excess electrons and holes. Con- 
ductivity in an extrinsic semiconductor 
results from impurity ions in the lattice. 
In n-type material, the negative charge 
of the excess electrons is balanced by a 
net positive space charge of impurity 
ions. In p-type, the positive charge of 
the holes is balanced by negatively 
charged impurities. Foreign atoms which 
can become positively charged on intro- 
duction to the lattice are called donors, 
and atoms which become negatively ion- 
ized are called acceptors. Thus, donors 
make a semiconductor of the n-type, ac- 
ceptors one of the p-type. When both 
donors and acceptors are present, the 
conductivity type depends on which is 
in excess. Mobile carriers then balance 
the net space charge of the impurity ions. 
The terminology used is listed in Table 1. 

These ideas can be illustrated quite 
simply for silicon and germanium, which, 
like carbon, have a valence of four and 
lie below carbon in the periodic table. 
Both crystallize in the diamond struc- 
ture in which each atom is surrounded 
tetrahedrally by four others with which 
it forms bonds. Carbon in the form of 
diamond is normally an insulator; the 
bond structure is complete, and there are 
no excess electrons. If ultraviolet light 
falls on diamond, electrons can be 
ejected from the bond positions by the 
photoelectric effect. Excess electrons 
and holes so formed can conduct elec- 
tricity; the crystal becomes photocon- 
ductive. 

The energy required to free an elec- 
tron from a bond position so that it and 
the hole left behind can move in the 
crystal is much less in silicon and ger- 
manium than it is in diamond. Appre- 
ciable numbers are released by thermal 
excitations at high temperatures; this 
gives intrinsic conductivity. 

Impurity atoms in germanium and sili- 
con with more than four valence elec- 


Table 1. Terminology of semiconductors. 


Designation Domi- 
of con- Majority nant im- 
ductivity carrier purity 
type ion 
n-type (excess) electron donor 
(n/cm*) 
p-type (defect) hole acceptcr 
(p/cm*) 
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trons are usually donors, and those with 
less than four are acceptors. For exam- 
ple, group V elements are donors, group 
III elements acceptors. When an arsenic 
atom, a group V element, substitutes for 
germanium in the crystal, only four of 
its valence electrons are required to form 
the bonds. The fifth is only weakly held 
by the forces of Coulomb attraction, 
greatly reduced by the high dielectric 
constant of the crystal. The energy re- 
quired to free the extra electron is so 
small that the arsenic atoms are com- 
pletely ionized at room temperature. 
Gallium, a typical group III acceptor, 
has only three valence electrons. In order 
to fill the four bonds, gallium picks up 
another electron and enters the crystal 
in the form of a negative ion, Ga~. The 
charge is balanced by a free hole. 

While some of the general notions of 
excess and defect conductivity, donors 
and acceptors, go back earlier, Wilson 
(3) was the first to formalize an ade- 
quate mathematical theory in terms of 
the band picture of solids. The band pic- 
ture itself, first applied to metals, is a 
consequence of an application of quan- 
tum mechanics to the motion of elec- 
trons in the periodic potential field of a 
crystal lattice. Energy levels of electrons 
in atoms are discrete. When the atoms 
are combined to form a crystal, the al- 
lowed levels form continuous bands. 
When a band is completely occupied, the 
net current of all of the electrons in the 
band is zero. Metals have incompletely 
filled bands. In insulators and semicon- 
ductors, there is an energy gap between 
the highest filled band and the next 
higher allowed band of levels, normally 
unoccupied. 

The relations are most simply illus- 
trated in terms of an energy-level dia- 
gram of the crystal. In Fig. 1 is shown 
a schematic energy-level diagram of an 
intrinsic semiconductor. Electrons tak- 
ing part in the chemical bonds form a 
continuous band of levels called the 
valence band. Above these is an energy 
gap in which there are no allowed levels 
in the ideal crystal, and then another 
continuous band of levels called the con- 
duction band. The energy gap, Eg, is the 
energy required to free an electron from 
the valence bonds. Excess or conduction 
electrons have energies in the lower part 
of the conduction band.. The very lowest 
state in this band, E,, corresponds to an 
electron at rest, the higher states to elec- 
trons moving through the crystal with 
additional energy of motion. Holes cor- 
respond to states near the top of the 
valence band, Ey, from which electrons 
are missing. In an intrinsic semiconduc- 
tor, electrons and holes are created in 
equal numbers by thermal excitation of 
electrons from the valence to the conduc- 
tion band, and they are distributed at 
random through the crystal. 

In an n-type semiconductor, as illus- 
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trated in Fig. 2 (left), there is a large 
number of electrons in the conduction 
band and there are very few holes in the 


‘valence band. Energy levels correspond- 


ing to electrons localized around group 
V donor impurity atoms are typically in 
the forbidden gap and a little below the 
conduction band. This means that only a 
small amount of energy is required to 
ionize the donor and place the electron 
removed in the conduction band. The 
charge of the electrons in the conduction 
band is compensated by the positive 
space charge of the donor ions. Levels of 
group III acceptors (Fig. 2, right) are a 
little above the valence band. When oc- 
cupied by thermal excitation of electrons 
from the valence band, they become 
negatively charged. The space charge of 
the holes so created is compensated by 
that of the negative acceptor ions. 

Occupancy of the levels is given by the 
position of the Fermi level, Ey. The 
probability f that a level of energy E 
is occupied by an electron is given by 
the Fermi-Dirac function: 


E-Er 
l+e iT 


f= 


The energy gap in a semiconductor is 
usually large compared with thermal 
energy, kT (~0.025 electron volt at 
room temperature), so that, for levels 
well above Ey, one can use the approxi- 
mation 


f ~ 


For levels below Ey, it is often more 
convenient to give the probability 


Er-E 
he iT 
that the level is unoccupied, or “occu- 


pied by a hole.” Again, for levels well 
below Ep, 


fp=1-f= 


fp e-(Er-E)/kT 


The expressions for the total electron 
and hole concentrations (number per 
unit volume), designated by the symbols 
n and fp, respectively, are of the form 


n= 


p = Nye-(Er-Ev)/kT 


where Ng and Ny vary slowly with tem- 


Conduction Band 
° ° 
0 
Forbidden Bond 

valence Bond 


Fig. 1. Energy-level diagram of an intrin- 
sic semiconductor. There is a random dis- 
tribution of electrons and holes in equal 
numbers. 


Conduction Band 


Conduction Band 
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P_ type 
Acceptor impurities 
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Donor impurities 


Fig. 2. Energy-level diagrams for n-type 
(left) and p-type (right) semiconductors. 


perature compared with the exponential 
factors. Note that the product np is in- 
dependent of the position of the Fermi 
level and depends only on the tempera- 
ture: 


np = ni? = = 


Here n; is the concentration in an in- 
trinsic semiconductor for which n = p. 
In an n-type semiconductor, the 
Fermi level is above the middle of the 
gap, so that n»p. The value of n is 
fixed by the concentration of donor ions, 
N,*; so that there is electric neutrality: 
n—-p=Na* 
The minority carrier concentration p in- 
creases rapidly with temperature, and 
eventually a temperature will be reached 
above which n and p are both large com- 
pared with N,*, and the conduction is 
essentially intrinsic. Correspondingly, in 
a p-type semiconductor, in which there 
are acceptor ions, p »n, and the Fermi 
level is below the center of the gap. 

The Fermi level is equivalent to the 
chemical potential of the electrons. If 
two conductors are electrically con- 
nected together so that electrons can be 
transferred, the relative electrostatic po- 
tentials will be adjusted so that the 
Fermi levels of the two are the same. If 
the n- and p-type materials of Fig. 2 are 
connected, a small number of electrons 
will be transferred from the n-type to 
the p-type. This will charge the p-type 
negatively with respect to the n-type and 
raise the electrostatic potential energy of 
the electrons accordingly. Electron trans- 
fer will take place until the energy levels 
of the p-type material are raised relative 
to those of the n-type by the amount re- 
quired to make the Fermi levels coin- 
cide. 

The amount of impurity required to 
make significant changes in the conduc- 
tivity of germanium or silicon is very 
small. There is given in Fig. 3 a plot, on 
a log scalé, of the resistivity versus 1/T 
for specimens of germanium with vary- 
ing amounts of antimony, a donor im- 
purity. This plot is based on some meas- 
urements made by Pearson several years 
ago (12). The purest specimens avail- 
able at that time had a room tempera- 
ture resistivity of about 10 to 20 ohm 
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Fig. 3. Conductivity versus 1/T for ger- 
manium with antimony added as a donor 
impurity. 


centimeters, corresponding to about one 
donor atom in 108 germanium atoms. 
This material (H.B.V.) is of the sort 
which was used to make germanium 
diodes which withstand a high voltage 
in the reverse direction (High Back 
Voltage) and also used in the first tran- 
sistors. The purest material available 
now corresponds to about one donor or 
acceptor in 101°, The resistivity drops, as 
illustrated, with increasing antimony con- 
centration; as little as one part in 10’ 
makes a big difference. All specimens ap- 
proach the intrinsic line corresponding to 
pure germanium at high temperatures. 
Conduction electrons and holes are 
highly mobile and may move through the 
crystal for distances of hundreds or thou- 
sands of the interatomic distance before 
they are scattered by thermal motion or 
by impurities or other imperfections. 
This is to be understood in terms of the 
wave property of the electron; a wave 
can travel through a perfect periodic 
structure without attenuation. In treat- 
ing acceleration in electric or magnetic 
fields, the wave aspect can often be dis- 
regarded, and electrons and holes can be 
thought of as classical particles with an 
effective mass of the same order as the 
ordinary electron mass, but differing from 
it. The effective mass is often anisotropic, 
and thus is different for different di- 
rections of motion in the crystal. This 


Light 


Fig. 4. Schematic diagram of diffusive 
flow of electrons and holes created near 
the surface by absorption of light. 


same effective mass picture can be used 
to estimate the thermal motion of the 
gas of electrons and holes. Average ther- 
mal velocities at room temperature are 
of the order of 107 centimeters per sec- 
ond. 

Scattering can be described in terms 
of a mean free path for the electrons 
and holes. In relatively pure crystals at 
ordinary temperatures, scattering occurs 
mainly by interaction with the thermal 
vibrations of the atoms of the crystal. In 
less pure crystals, or in relatively pure 
crystals at low temperatures, the mean 
free path may be determined by scat- 
tering by impurity atoms. Because of the 
scattering, the carriers are not uniformly 
accelerated by an electric field, but at- 
tain an average drift velocity propor- 
tional to the field. Ordinarily, the drift 
velocity is much smaller than the aver- 
age thermal velocity. Drift velocities 
(V_) may be expressed in terms of the 
mobilities, and of the electrons and 
holes, respectively (13). 

In an electric field E, 


(Va)n=—pUnE 
(Va) p= WpE 


Because of their negative charge, con- 
duction electrons drift oppositely to the 
field. Values of the mobilities for pure 
germanium at room temperature are 
u,, = 3800 square centimeters per volt, 
per second and My = 1800 square centi- 
meters per volt, per second. This means 
that holes attain a drift velocity of 1800 
centimeters per second in a field of 1 
volt per centimeter. 

Expressions for the conductivity are 
as follows: n-type, 6, =neu,; p-type, 
6, = pew,; and intrinsic, = + pewy. 
It is not possible to determine n and u,, 
separately from measurements of the 
conductivity alone. There are several 
methods to determine the mobility; one 
which has been widely used is to meas- 
ure the Hall coefficient in addition to the 
conductivity. As part of the research pro- 
gram at Bell Laboratories, Pearson made 
Hall and resistivity measurements over a 
wide range of temperatures for silicon 
containing varying amounts of boron (a 
group III acceptor) and of phosphorus 
(a group V donor). Analysis of the data 
(14) gave additional confirmation of 
the theory outlined. Similar measure- 
ments on germanium were made about 
the same time by Lark-Horovitz and co- 
workers, and more recently more com- 
plete measurements on both materials 
have been made by other groups. The 
result of a large amount of experimental 
and theoretical work has been to con- 
firm the Wilson model in quantitative 
detail. 

Carriers move not only under the in- 
fluence of an electric field, but also by 
diffusion; the diffusion current is pro- 
portional to the concentration gradient. 
Expressions for the particle current den- 


sities j of holes and electrons, respec- 
tively, are 


jp = pupE — Dp grad p 
jn nunE -Dn grad n 
Einstein has shown that mobilities and 
diffusion coefficients are related 


where k is Boltzmann’s constant. Diffu- 
sion and conduction currents both play 
an important role in the transistor. 

The diffusion term was first consid- 
ered by Wagner in his theory of oxida- 
tion of metals. The equations were 
worked out more completely by Frenkel 
(4) in an analysis of the diffusive flow 
which occurs when light is absorbed near 
one face of a slab, as shown schematically 
in Fig. 4. The light quanta raise electrons 
from the valence to the conduction 
bands, creating conduction electrons and 
holes in equal numbers. These diffuse 
toward the interior of the slab, Because 
of recombination of conduction electron 
and hole pairs, the concentration drops 
as the diffusion occurs, Frenkel gave the 
general equations of flow when electrons 
and holes are present in attempting to 
account for the Dember effect (change 
in contact potential with light) and the 
photomagnetoelectric (PME) _ effect. 
The latter is a voltage analogous to a 
Hall voltage observed between the ends 
of a slab in a transverse magnetic field 
(perpendicular to the paper in the dia- 
gram). The Dember voltage was pre- 
sumed to result from a difference of 
mobility, and thus of diffusion coefficient, 
between electrons and holes. Electrical 
neutrality requires that the concentra- 
tions and thus the concentration gradi- 
ents be the same. Further, under steady- 
state conditions, the flow of electrons to 
the interior must equal the flow of holes, 
so that there is no net electric current. 
However, if D,, is greater than D,, the 
diffusive flow of electrons would be 
greater than that of holes. What happens 
is that an electric field, E, is introduced 
which aids holes and retards the elec- 
trons so as to equalize the flows. The in- 
tegral of E gives a voltage difference be- 
tween the surface and the interior and 
thus a change in contact potential. As is 
mentioned in a subsequent paragraph, 
much larger changes in contact poten- 
tial with light may come from surface 
barrier effects. 


D 


Contact Rectifiers 


In order to understand how a point- 
contact transistor operates, it is neces- 
sary to know some of the features of a 
rectifying contact between a metal and 
semiconductor. Common examples are 
copper oxide and selenium rectifiers and 
germanium and _ silicon point-contact 
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diodes which pass current much more 
readily for one direction of applied volt- 
age than for the opposite. We follow 


Schottky’s picture (6) and use as an | 


illustration a contact to an n-type semi- 
conductor, Similar arguments apply to 
p-type rectifiers with appropriate changes 
of sign of the potentials and charges. It 
is most convenient to make use of an 
energy-level diagram in which the 
changes in energy bands resulting from 
changes in electrostatic potential are 
plotted along a line perpendicular to 
the contact as shown in Fig. 5. Rec- 
tification results from the potential 
energy barrier at the interface which 
impedes the flow of electrons across the 
contact. 

The Fermi level of the metal is close 
to the highest of the normally occupied 
levels of the conduction band. Because 
of the nature of the metal-semiconductor 
interface layers, a relatively large energy, 
%, perhaps of the order of 0.5 electron 
volt, is required to take an electron from 
the Fermi level of the metal and place it 
in the conduction band in the semicon- 
ductor. In the interior of the semicon- 
ductor, which is electrically neutral, the 
position of the Fermi level relative to the 
energy bands is determined by the con- 
centration of conduction electrons, and 
thus of donors. In equilibrium, with no 
voltage applied, the Fermi levels of the 
metal and semiconductor must be the 
same. This is accomplished by a region 
of space charge adjacent to the metal in 
which there is a variation of electrostatic 
potential, and thus of potential energy 
of the electron, as illustrated. 

In the bulk of the semiconductor, 


there is a balance between conduction 
electrons and positive donors. In the bar- 
rier region, which is one of high poten- 
tial energy for electrons, there are few 
electrons in the conduction band. The 
uncompensated space charge of the 
donors is balanced by a negative charge 
at the immediate interface. It is these 
charges, in turn, which produce the po- 
tential barrier. The width of the space- 
charge region is typically of the order 
of 10-5 to 10-* centimeter. 

When a voltage is applied, most of the 
drop occurs across the barrier layer. The 
direction of easy flow is that in which 
the semiconductor is negative relative to 
the metal. The bands are raised, the bar- 
rier becomes narrower, and electrons can 
flow more easily from the semiconductor 
to the metal. In the high-resistance direc- 
tion, the semiconductor is positive, the 
bands are lowered relative to the metal, 
and the barrier is broadened. The cur- 
rent of electrons flowing from the metal 
is limited by the energy barrier % which 
must be surmounted by thermal excita- 
tion. 

If x is sufficiently large, the Fermi 
level at the interface may be close to 
the valence band, implying an inversion 
from n-type conductivity in the bulk to 
p-type near the contact. The region of 
hole conduction is called, following 
Schottky, an “inversion layer.” An ap- 
preciable part of the current flow to the 
contact may then consist of minority car- 
riers—in this case, holes. An important 
result of the research program at Bell 
Laboratories after the war was to point 
out the significance of minority carrier 
flow. 
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Fig. 5. Equilibrium energy-level diagram for a metal-semiconductor rectifying contact 
along a line perpendicular to the interface. Variations in the energy bands of the semi- 
conductor result from changes in electrostatic potential due to the layer of uncompen- 
sated space charge. The over-all change in potential from the surface to the interior is 
such as to bring the Fermi level in the interior of the semiconductor into coincidence with 
that of the metal. In this example, there is an inversion from n-type conductance in the 


bulk to p-type at the surface. 
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Experiments on Surface States 


I mentioned in the introduction that 
the negative result of the field-effect ex- 
periment was an important factor in sug- 
gesting the existence of surface states on 
germanium and silicon and directing the - 
research program toward a study of sur- 
face properties. As is shown in Fig. 6, 
the experiment consists of making a thin 
film or slab one plate of a parallel-plate 
condenser and then measuring the change 
in conductance of the slab with changes 
in voltage applied across the condenser. 
The hypothetical case illustrated is an 
n-type semiconductor with no surface 
states. When the field plate is positive, 
the negative charge induced on the semi- 
conductor consists of added electrons in 
the conduction band. The amount of in- 
duced charge can be determined from 
the applied voltage and the measured 
capacity of the system. If the mobility 
is known, the expected change in con- 
ductance can be calculated readily. 

When experiments were performed on 
evaporated films of germanium and sili- 
con, negative results were obtained; in 
some cases, the predicted effect was more 
than 1000 times the experimental limit 
of detection. Analysis indicated that a 
large part of the discrepancy, perhaps a 
factor of 50 to 100, came from the very 
low mobility of electrons in the films as 
compared with bulk material. The re- 
maining discrepancy was attributed to 
shielding by surface states. 

It was predicted that if surface states 
exist, a barrier layer of the type found 
at a metal contact might be found at the 
free surface of a semiconductor. The for- 
mation of such a layer is illustrated sche- 
matically in Fig. 7. Occupancy of the 
surface levels is determined by the posi- 
tion of the Fermi level at the surface. In 
Fig. 7, it is presumed that the distribu- 
tion of surface states is such that the 
states themselves would be electrically 
neutral if the Fermi level crossed at the 
position Fg relative to the bands. If there 
is no surface barrier, so that the Fermi 
level crosses the surface above Fy, there 
are excess electrons and a net negative 
charge in the surface states. When the 
surface as a whole is neutral, a barrier 
layer is formed such that the positive 
charge in the layer is compensated by 
the negative surface states charge. If the 
density of surface states is reasonably 
high, sufficient negative charge is ob- 
tained with the Fermi level crossing only 
slightly above Fy. 

Types of barriers which may exist ai 
the surface of an n-type semiconductor 
are illustrated in Fig. 8. On the left, the 
energy bands are raised at the surface so 
as to bring the valence band close to the 
Fermi level. An inversion layer of oppo- 
site conductivity type is formed, and 
there is excess conductance from mobile 
holes in the layer. Negative charge on 
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the surface proper is balanced by the 
charge of holes and of fixed donor ions 
in the barrier region. In the middle part 
of Fig. 8, the bands are raised at the sur- 
face, but not enough to form an inver- 
sion layer. The surface resistance is near 
a maximum. At the right, the bands bend 
down so as to form an accumulation 
layer of excess electron conductance near 
the surface. The charge on the surface 
proper is now positive, and is balanced 


. 


Condenser 
+ + + + + + 


by the negative charge of the excess elec- 
trons in the layer. 

The postulated existence of surface 
states and surface barrier layers on the 
free: surface of germanium and silicon 
accounted for several properties of ger- 
manium and silicon which had hitherto 
been puzzling (10). These included (i) 
lack of dependence of rectifier charac- 
teristics on the work function. of the 
metal contact, (ii) current-voltage char- 
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Fig. 7. Formation of a space-charge barrier layer at the free surface of a semiconductor. 


acteristics of a contact made with two 
pieces of germanium, and (iii) the fact 
that there was found little or no contact 
potential difference between n- and 
p-type germanium and between n- and 
p-type silicon. 

While available evidence for surface 
states was fairly convincing, it was all oi 
an indirect nature. Furthermore, none 
of the effects gave any evidence about 
the height of the surface barrier and of 
the distribution of surface states. A num- 
ber of further experiments which might 
yield more concrete evidence about the 
surface barrier were suggested by Shock- 
ley, Brattain, and me. Shockley predicted 
that a difference in contact potential 
would be found between n- and p-type 
specimens with a large concentration of 
impurity. A systematic study by Brat- 
tain and Shockley (/5), using silicon 
specimens with varying amounts of donor 
and acceptor impurities, showed that this 
was true, and an estimate was obtained 
for the density of surface states. Another 
experiment which indicated the presence 
of a surface barrier was a measurement 
of the change in contact potential with 
illumination of the surface. This is jusi 
the Dember effect, which Frenkel had 
attempted to account for by the differ- 
ence in mobilities of the electrons and 
holes generated by the light and diffus- 
ing to the interior. It was found (16) 
that the change is usually much larger 
than, and often of the opposite sign 
from that predicted by Frenkel’s theory, 
which did not take into account a sur- 
face barrier. 

Some rather difficult experiments 
which at the time gave negative results 
were carried out successfully much later 
by improved techniques, as Brattain 
shows (2). 

Apparatus used by Brattain to meas- 
ure contact potential and change in con- 
tact potential with illumination is shown 
in Fig. 9. The reference electrode, gen- 
erally platinum, is in the form of a screen 
so that light can pass through it. If the 
electrode is vibrated, the contact poten- 
tial itself can be measured by the Kelvin 
method, If light chopped at an appro- 
priate frequency falls on the surface and 
the electrode is held fixed, the change 
with illumination can be measured from 
the alternating voltage developed across 
the condenser, In the course of the study, 
Brattain tried several ambient atmos- 
pheres and different temperatures. He 
observed a large effect when a liquid 
dielectric filled the space between the 
electrode and semiconductor surface. He 
and Gibney then introduced electrolytes 
and observed effects attributed to large 
changes in the surface barrier with volt- 
age applied across the electrolyte. Evi- 
dently ions piling up at the surface cre- 
ated a very large field which penetrated 
through the surface states. 
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Experiments on Inversion Layers 


Use of an electrolyte provided a 
method for changing the surface barrier, 
so that it should be possible to observe 
a field effect in a suitable arrangement. 
We did not want to use an evaporated 
film because of the poor structure and 
low mobility. With the techniques avail- 
able at the time, it would have been diffi- 
cult to prepare a slab from bulk material 
sufficiently thin to observe a_ sizable 
effect. It was suggested that one could 
get the effect of a thin film in bulk ma- 
terial by observing directly the flow in 
an inversion layer of opposite conductiv- 
ity type near the surface. Earlier work 
of Ohl and Scaff had indicated that one 
could get an inversion layer of n-type 
conductivity on p-type silicon by suitably 
oxidizing the surface. If a point contact 
is made which rectifies to the p-type base, 
it would be expected to make low-resist- 
ance contact to the inversion layer. 

The arrangement which Brattain and 
I used in the initial tests is shown in Fig. 
10. The point contact was surrounded by 
but insulated from a drop of electrolyte. 
An electrode in the electrolyte could be 
used to apply a strong field at the semi- 
conductor surface in the vicinity of the 
contact. The reverse, or high-resistance 
direction is that in which the point is 
positive relative to the block. Part of the 
reverse current consists of electrons flow- 
ing through the n-type inversion layer to 
the contact. It was found that the mag- 
nitude of this current could be changed 
by applying a voltage on the electrolyte 
probe, and thus, by the field effect, 
changing the conductance of the inver- 
sion layer. Since, under static conditions, 
there was only a very small current 
through the electrolyte, the set-up could 
be used as an amplifier. In the initial 
tests, current and power amplification, 
but not voltage amplification, was ob- 
served. As predicted from the expected 
decrease in number of electrons in the 
inversion layer, a negative voltage ap- 
plied to the probe was found to decrease 
the current in the reverse direction to 
the contact. 

It was next decided to try a similar 


Ey = 
E, E, 

Ey 


Fig. 8. Types of barrier layers which may 
exist at the free surface of an n-type semi- 
conductor. (Left) Excess conductance 
from an inversion layer of p-type conduc- 
tivity; (middle) near the minimum sur- 
face conductance; (right) excess conduct- 
ance from an accumulation layer of elec- 
trons. 
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arrangement with a block of n-type ger- 
manium. Although we had no prior 
knowledge of a p-type inversion layer on 
the surface, the experiments showed defi- 
nitely that a large part of the reverse cur- 
rent consisted of holes flowing in an 
inversion layer near the surface. A posi- 
tive change in voltage on the probe de- 
creased the reverse current. Considerable 
voltage as well as current and power 
amplification was observed. 

Because of the long time constants of 
the electrolyte used, amplification was 
obtained only at very low frequencies. 
We next tried to replace the electrolyte 
by a metal control electrode insulated 
from the surface by either a thin oxide 
layer or by a rectifying contact. A sur- 
face was prepared by Gibney by anodiz- 
ing the surface and then evaporating sev- 
eral gold spots on it. Although none 
made the desired high-resistance contact 
to the block, we decided to see what 
effects would be obtained. A point con- 
tact was placed very close to one of the 
spots and biased in the reverse direction 
(See Fig. 11). A small effect on the re- 
verse current was observed when the 
spot was biased positively, but of oppo- 
site direction to that observed with the 
electrolyte. An increase in positive bias 
increased rather than decreased the re- 
verse current to the point contact. The 
effect was large enough to give some 
voltage amplification, but no power am- 
plification. This experiment suggested 
that holes were flowing into the ger- 
manium surface from the gold spot, and 
that the holes introduced in this way 
flowed into the point contact to enhance 
the reverse current. This was the first in- 
dication of the transistor effect. 

It was estimated that power amplifi- 
cation could be obtained if the metal 
contacts were spaced at distances of the 
order of 0.005 centimeter. In the first 
attempt, which was successful, contacts 
were made by evaporating gold on a 
wedge, and then separating the gold at 
the point of the wedge with a razor blade 
to make two closely spaced contacts. 
After further experimentation, it ap- 
peared that the easiest way to achieve 
the desired close separation was to use 
two appropriately shaped point contacts 
placed very close together. Success was 
achieved in the first trials; the point- 
contact transistor was born (/7). 

It was evident from the experiments 
that a large part of both the forward and 
reverse currents from a germanium point 
contact is carried by minority carriers— 
in this case, holes. If this fact had been 
recognized earlier, the transistor might 
have come sooner. 

Operation of a point-contact transistor 
is illustrated in Fig. 12. When operated 
as an amplifier, one contact, the emitter, 
is biased with a direct-current voltage in 
the forward direction, the second, the 


Fig. 9. Apparatus used by Brattain for 
measurements of contact potential and 
change of contact potential with illumina- 
tion. 
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Fig. 10. Experiment on flow of electrons 
in an inversion layer at the surface of a 
p-type silicon block to a point contact 
biased in the reverse direction. The con- 
ductance of the layer could be varied by 
changing the potential on a control elec- 
trode in a drop of electrolyte surrounding 
the point in such a way as to produce am- 
plification at very low frequencies. 
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Fig. 11. Experiment which gave first indi- 
cation of transistor effect. Positive voltage 
applied to the evaporated gold spot was 
found to increase the current in the re- 
verse direction to the tungsten point con- 
tact biased in the reverse direction. 
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Fig. 12. Operation of a point-contact 
transistor. Holes introduced at the emitter 
flow to the collector. The latter is biased 
in the reverse direction relative to the 
n-type germanium block. 
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collector, in the negative or high-resist- 
ance direction. A third contact, the base 
electrode, makes a low-resistance contact 
to the block. A large part of the forward 
current consists of holes flowing into the 
block. Current from the collector con- 
sists in part of electrons flowing from the 
contact and in part of holes flowing to- 
ward the contact. The collector current 
produces an electric field in the block 
which is in such a direction as to attract 
holes introduced at the emitter. A large 
part of the emitter current, introduced at 
low impedance, flows in the collector cir- 
cuit. When it is biased in the reverse 
direction, the collector has high imped- 
ance and can be matched to a high-im- 
pedance load. There is thus a large volt- 
agé amplification of an input signal. It 
is found (7) that there is some current 
amplification as well, giving an over-all 
power gain of 20 decibels or more. An 
increase in hole current at the collector 
affects the barrier there in such a way 
as to enhance the current of electrons 
from the contact. 

The collector current must be suffi- 
ciently large to provide an electric field 
to attract the holes from the emitter. 
The optimum impedance of the collector 
is considerably less than that of a good 
germanium diode in the reverse direc- 
tion. In the first experiments, it was at- 
tempted to achieve this by treating the 
surface so as to produce a large inversion 
layer of p-type conductivity on the sur- 
face. In this case, a large fraction of the 
hole current may be in the inversion 
layer. Later, it was found that better re- 
sults could be obtained by electrically 
forming the collector by passing large 
current pulses through it. In this case, 
the surface treatment is less critical, and 
most of the emitter current flows 
through the bulk. 

Studies of the nature of the forward 
and reverse currents to a point contact 
to germanium were made by making 
probe measurements of the variation of 


potential in the vicinity of the contact 
(18). These measurements showed a 
large increase in conductivity when the 
contact was biased in the forward direc- 
tion and, in some cases, evidence for a 
conducting inversion layer near the sur- 
face when the contact was biased in the 
reverse direction. 

Before it was established whether the 
useful emitter current was confined to an 
inversion layer or could flow through the 
bulk, Shockley (/9) proposed a radically 
different design for a transistor based on 
the latter possibility. This is the junction 
transistor design in which added minor- 
ity carriers from the emitter diffuse 
through a thin base layer to the collector. 
Independently of this suggestion, Shive 
(20) made a point-contact transistor in 
which the emitter and collector were on 
opposite faces of a thin slab of ger- 
manium., This showed definitely that in- 
jected minority carriers could flow for 
small distances through bulk material. 
While transistors can be made to operate 
either way, designs which make use of 
flow through bulk material have been 
most successful. Junction transistors have 
superseded point-contact transistors for 
most applications. 

Following the discovery of the tran- 
sistor effect, a large part of the research 
at Bell Laboratories was devoted to a 
study of flow of injected minority car- 
riers in bulk material. Much of this re- 
search was instigated by Shockley, and 
it was described by him (7). 

Research on the surface properties of 
germanium and silicon, suspended for 
some time after 1948 because of the pres- 
sure of other work, was resumed later on 
by Brattain and others and is now a 
flourishing field of activity with implica- 
tions in a number of scientific fields 
other than semiconductors, such as ad- 
sorption, catalysis, and photoconductiv- 
ity. This research program is described 
by Brattain (2). 

It is evident that many years of re- 


C. V. Weller, 
Pathologist and Editor 


The sudden and untimely death of 
Carl Vernon Weller, professor and chair- 
man of the department of pathology at 
the University of Michigan Medical 
School, on 10 December 1956, prema- 
turely closed the career of a great medi- 
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cal teacher, tissue pathologist, medical 
writer, and editor. 

Dr. Weller was born in St. Johns, 
Michigan, on 17 February 1887. He re- 
ceived his A.B. degree from Albion Col- 
lege in 1908, his M.D. degree from the 


search by a great many people both be- 
fore and after the discovery of the tran- 
sistor effect have been required to bring 
our knowledge of semiconductors to its 
present development. We were fortunate 
enough to be involved at a particularly 
opportune time and to add another small 
step in the control of nature for the 
benefit of mankind (2/). 
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University of Michigan in 1913, and his 
M.S. degree in pathology from the Uni- 
versity of Michigan in 1916. In June 
1956 he was awarded the honorary de- 
gree of Sc.D. by Albion College. 
Beginning as an instructor in 1911, 
Weller served on the staff of the depart- 
ment of pathology of the University of 
Michigan Medical School for 45 years. 
On the death of Aldred Scott Warthin, 
in 1931, he was appointed chairman of 
the department and served in that ca- 
pacity until his retirement, 1-July 1956. 
In 1913 Weller married Elsie Huckle, of 
St. Clair, Michigan. 
Weller was editor of the Annals of 
Internal Medicine from 1931 to 1933 
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and, from 1941 until his death, served as 
editor of The American Journal of Pa- 
thology. He was acting president of the 
American Association of Pathologists 
and Bacteriologists in 1938 and president 
in 1939. He was a founder of the Michi- 
gan Pathological Society and served as 
its first president in 1931; he was presi- 
dent of the American Society for Ex- 
perimental Pathology in 1933 and of the 
International Association of Medical 
Museums in 1938. At the time of his 
death he was chairman of the Scientific 
Advisory Board of the Armed Forces In- 
stitute of Pathology. 

He was an active writer on medical 
subjects and was the author of approxi- 
mately 100 publications, which deal 
chiefly with mustard gas poisoning, neo- 
plasms, tuberculosis, lead and alcoholic 
blastophthoria, and the history of medi- 


cine. His last major contribution was a 
monograph on Causal Factors in Cancer 
of the Lung (Thomas, Springfield, II1., 


1955). 


Weller was noted as a great teacher. 
In 1956 he was honored, by the Galens 
Medical Society of the University of 
Michigan, by the establishment of the 
Weller award for scholarship in pathol- 
ogy. 

Other honors included the Mellon lec- 
tureship at the University of Pittsburgh 
in 1941 (“The inheritance of retinoblas- 
toma and its relationship to practical 
eugenics”) ; the Macgregor memorial lec- 
ture at the University of Western On- 
tario, London, in 1951 (“The causes of 
cancer’); and the Beaumont lecture be- 
fore the Wayne County Medical Society, 
Detroit, in 1955 (“Causal factors in can- 
cer of the lung”). 


K. Shiga, Bacteriologist 


When the American occupation forces 
landed in Japan in 1945 and their Med- 
ical Corps officers began to inquire into 
the state of microbiology in that coun- 
try, they were surprised to hear that Dr. 
Kiyoshi Shiga, discoverer of Shigella 
dysenteriae 1 (Shiga), which was for- 
merly considered the most important 
cause of bacillary dysentery, was still 
alive. A visit to Dr. Shiga, who was then 
living in retirement on his estate near 
Sendai, was rather easy to arrange at 
that time. He was very anxious to meet 
and talk with American physicians, 
whose respectful attention he enjoyed. 

Shiga was a pleasant, polite, and dig- 
nified man. A chat with him, spiced with 
reminiscences, was always a treat, espe- 
cially for us old-timers. He liked to 
dwell on his youth, on his studies in 
Germany, and on his trials, tribulations, 
and triumphs in that country. 

Shiga attained world fame at a rela- 
tively early age. Born in 1870, he was 
graduated from Tokyo University in 
1886, immediately started working un- 
der Shibasaburo Kitasato at the Japan 
Institute for Infectious Diseases and, as 
early as 1897, published his paper on the 
dysentery bacillus in the Japanese Jour- 
nal of Bacteriology. Four years later he 
went to Germany to study, an experi- 
ence which deeply influenced the rest of 
his life. 
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In Germany, Shiga worked under Ehr- 
lich, discovered trypan red, and picked 
up a slogan, which he attributed to Ehr- 
lich, as the motto of his life: Geld, 
Geduld, Geschick, und Gliick (money, 
patience, fate, and luck). He kept re- 
peating this saying of Ehrlich’s and in- 
sisted that it governed all his decisions. 
Shiga, however, was not a money 
hunter. 

In Germany he acquired an interest 
in immunology and chemotherapy and 
continued to work in these fields after 
his return to Japan. He was a delightful 
raconteur, especially when telling of his 
debate with Kruse, who, 3 years after 
Shiga’s article was printed, published a 
paper on the same dysentery bacillus that 
Shiga had described. Although Shiga 
considered his bacterium to be motile, 
Kruse found it nonmotile, and for this 
reason Kruse, supported by various work- 
ers, claimed priority for the discovery of 
the dysentery bacillus. According to 
Shiga, Kruse was a big, tall man, with 
an apparently dominating personality, 
while Shiga had a coraplex about his 
short, slight build, for which he tried to 
compensate by his dignity. Kruse did not 
pay much attention to Shiga in the be- 
ginning, but later he had to concede his 
importance. The organism was called 
the Shiga-Kruse bacillus until the genus 
Shigella became established; this ac- 


A recent honor came to Weller with 
the establishment, in 1956, of the annual 
Carl V. Weller lecture by the Michigan 
Pathological Society. Howard T. Kars- 
ner delivered the first of these lectures 
on 8 December 1956; his subject was 
“The place of pathology in biomedical 
research.” 

Weller was respected by medical stu- 
dents, by his departmental staff mem- 
bers, and by his colleagues in the medi- 
cal school and university and, through- 
out the nation, as a leader devoted to 
duty and to the highest ideals of ethics 
in medicine and in life. The profession 
of medicine and the field of pathology 
have lost a truly great teacher, diagnosti- 
cian, writer, and editor. 

A. JaMEs FrENCH 
University of Michigan Medical 
School, Ann Arbor 


knowledged, with finality, Shiga’s pri- 
ority. 

Shiga was loyal to his teacher Kita- 
sato. When the Japanese Government 
tried to transfer the Institute for Infec- 
tious Diseases to the Ministry of Edu- 
cation, in 1914, Kitasato seceded from 
it and founded his own independent re- 
search institute, now known as the Kita- 
sato Institute. Shiga declared his allegi- 
ance to Kitasato and, together with other 
staff members, followed him into an un- 
certain future. The Kitasato Institute, 
however, later became the most famous 
research institute of Asia. 

Shiga received numerous honors, in- 
cluding the highest civilian medal of the 
Japanese Government, but when he re- 
tired to his native village, during the 
first part of World War II, literature 
and painting became his main interests. 
He was an accomplished water-color 
painter, a follower of the Japanese style 
in this art. His textbook on bacteriology 
and immunology was still in great de- 
mand when he died, early this year, on 
25 January. 

Shiga lived a full life; he had an ac- 
tive youth, a sedate middle age, and a 
serene retirement. Although he was a 
distinguished scientist, he appreciated 
the fine arts and had an immense num- 
ber of cultural interests. He believed in 
the Japanese philosophy of life, which 
teaches that neither joy nor sorrow shall 
ever be overwhelming. One wonders 
whether adherence to Dr. Shiga’s prin- 
ciples might not save many a candidate 
from a coronary attack. 

Oscar FELSENFELD 
406th Medical General 
Laboratory, U.S. Army 
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Government Security 


After a year and a half, the Commis- 
sion on Government Security [Sczence 
124, 383 (31 Aug. 1956]) has completed 
its report to the President and Congress. 
The report, an 800-page volume, was 
prepared by a 12-member bipartisan 
commission chosen by the President, the 
President of the Senate, and the Speaker 
of the House. The membership of the 
commission follows: Loyd Wright, Los 
Angeles attorney, chairman; Sen. John 
Stennis of Missouri, vice chairman; Sen. 
Norris Cotton of New Hampshire; F. 
Moran McConihe (to replace Carter I. 
Burgess), Commissioner, Public Build- 
ings Service, General Services Adminis- 
tration; Rep. William M. McCulloch of 
Ohio; former Attorney General James 
P. McGranery; Gov. Edwin L. Mechem 
of New Mexico; Franklin: D. Murphy, 
chancellor of the University of Kansas; 
James L. Noel, Jr., Houston, Tex., at- 
torney; Susan B. Riley of the George Pea- 
body College for Teachers, Nashville, 
Tenn.; Louis B. Rothschild, Under Sec- 
retary of Commerce; and Rep. Francis E. 
Walter of Pennsylvania. 

Besides recommending major revisions 
in the current loyalty-security programs 
for civilian Government employees, the 
armed forces, dock workers and seamen, 
American employees of international or- 
ganizations, and people engaged in 
atomic energy or other defense enter- 
prises, the commission suggests changes 
in passport regulations, the control of 
aliens, and the classification of confiden- 
tial documents. 

In addition, the report outlines a new 
program of clearances to increase pro- 
tection for civilian air lines and air- 

rts. 

Central Security Office. The commis- 
sion proposes the creation of a Central 
Security Office within the executive 
branch of the Government, independent 
of any existing agency. Loyalty-security 
cases of Government employees are now 
heard by panels of volunteers who still 
hold full-time jobs with the agencies that 
offer their services as examiners. Accord- 
ing to the commission, the Central Se- 
curity Office would provide trained hear- 
ing examiners in sufficient number to cut 


114 


down the delays in decision, now some- 
times running to a year or more. 

The central office would also provide 
a three-man review board to hear appeals 
in loyalty cases. At present there is no 
appeal beyond the department or agency 
head. 

The proposed office, which would be 
advisory in function, would also be a 
coordinating agency to bring uniformity 
to the security requirements of the vari- 
ous Government agencies. The new of- 
fice would furnish trained examiners to 
preside over the hearings that are guar- 
anteed to unsuccessful applicants for in- 
dustrial clearance. 

A recommendation which would con- 
solidate the industrial security program 
in the Office of the Secretary of Defense 
would provide that a plant working on 
separate defense contracts for the Army, 
Navy, and Air Force would have to fol- 
low only one set of security regulations 
instead of two or three different sets as 
is now the case. The commission’s plan 
would also eliminate duplication in clear- 
ances, investigations, fingerprinting, and 
the execution of various printed forms 
by some 3 million employees working on 
the 22,000 contracts covered by the De- 
partment of Defense industrial security 
program. 

Loyalty and Security. Under the com- 
mission’s recommendations, cases of pos- 
sible disloyalty are separated from other 
cases currently classed as security risks. 
“A man who talks too freely while in 
his cups,” the report declares, “and a 
pervert who is vulnerable to blackmail, 
are both security risks, although both 
may be loyal Americans. 

“Persons removed from their jobs be- 
cause of personal aberrations or unfortu- 
nate associations where loyalty is not an 
issue” would be guarded under the rec- 
ommendations “from an unjust stigma 
of disloyalty.” Cases of Government em- 
ployees fired for disloyalty would be han- 
dled through the proposed Central Se- 
curity Office, while other security matters 
would be treated as general questions of 
job suitability and left to the hiring Gov- 
ernment department. 

Right of Confrontation. Should charges 
of disloyalty reach the hearing stage, the 
commission recommends other safe- 


guards to the person involved. The con- 
stitutional guarantee that “In all crimi- 
nal cases, the accused shall enjoy the 
right . . . to be confronted by the wit- 
nesses against him,” has never applied 
to administrative inquiries or loyalty 
hearings. However, the consequences of 
a person’s being declared disloyal are so 
grave that the commission felt justice 
and fair play require that he be per- 
mitted to confront and cross-examine 
witnesses who have furnished derogatory 
information against him, whenever it 
may be done without harm to the na- 
tional security. 

The commission has therefore recom- 
mended that in cases of doubtful loyalty, 
no derogatory information, except that 
supplied by a confidential Government 
agent whose identity may not be dis- 
closed without destroying his usefulness 
in intelligence work, may be considered 
over the objection of the individual 
charged, unless he is given the opportun- 
ity to cross-examine the witness under 
oath. This means that the evidence of 
an anonymous informant—a neighbor or 
fellow employee who refuses to disclose 
his identity—may not be considered by 
the hearing examiner and would not ap- 
pear on the record handed on to the 
Review Board in case of appeal. 

Subpoena Power, The commission also 
recommends that the hearing examiners 
in loyalty cases be given subpoena power 
to compel the appearance of witnesses 
except regular undercover Government 
agents or informants who have made 
statements only on condition that they 
not be called to testify. At present neither 
the Government nor the person under 
investigation can subpoena witnesses. 
The commission recommends that the 
Government pay travel and per diem 
expenses of witnesses called by the hear- 
ing examiner to ascertain all the facts 
in the case. If the person under investi- 
gation wishes to call other witnesses, he 
would be required to deposit sufficient 
funds to cover the witnesses’ costs should 
the decision be unfavorable to him. 
Should he be cleared by the hearing, his 
deposit would be returned. 

The commission recommends equal 
treatment in cases involving charges of 
disloyalty or nonsuitability for both vet- 
erans and nonveterans in Federal em- 
ployment. 

The same rights of confrontation and 
subpoena would apply to military per- 
sonnel in loyalty cases, if the commis- 
sion’s recommendations are carried out. 
The commission also recommends that 
the right of hearing now given draftees 
rejected on security grounds be extended 
to cover enlistees rejected on loyalty 
grounds; that the same standards and 
criteria be applied to both civilian and 
military personnel; and that the Govern- 
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ment pay hearing costs, including the 
use of military counsel for the individual 


charged with doubtful loyalty. 


The Attorney General’s List. Among 
the dozen criteria which the commission 
suggests as bases for doubting an Ameri- 
can’s loyalty is membership in one of the 
287 subversive organizations proscribed 
by the Attorney General’s List. However, 
the commission recommends that the fu- 
ture listings be authorized only after an 
FBI investigation of the suspected or- 
ganization and an opportunity for a hear- 
ing by examiners of the Central Security 
Office and the right of appeal to the 
Central Review Board. 

The commission’s report also points 
out that membership in proscribed or- 
ganizations should be viewed in the light 
of the member’s knowledge of the pur- 
poses of the organization. The commis- 
sion further recommends that former 
Communists may be considered for 
clearance or employment if they have 
recanted and given convincing evidence 
that they no longer adhere to the aims 
of the Communist party or movement. 

Refusal to testify on grounds of pos- 
sible self-incrimination is also on the 
commission’s list of criteria which may 
be considered in determining an Amer- 
ican’s loyalty. The recommendation is 
qualified, however, by the phrase, “un- 
less the individual, after opportunity to 
do so, satisfactorily explains his refusal 
to testify.” 

Classified Documents. The report of 
the commission stresses the dangers to 
national security arising from overclassi- 
fication of information which retards 
scientific and technologic progress and 
thus may deprive the nation of lead time 
that results from the free exchange of 
ideas. Consequently, the commission rec- 
ommends abolishing the classification of 
“confidential” in the matter of docu- 
ments and materials, pointing out that 
at present a defense contractor may clear 
a worker for access to “confidential” 
documents without reference to govern- 
ment security officers. “Secret” and “top- 
secret” classifications would be main- 
tained. Documents previously classified 
“confidential” would be declassified 
gradually. 

At present, only Government em- 
ployees may be prosecuted for “willful 
disclosure to unauthorized persons” of 
classified information. The commission 
recommends enactment of a criminal 
statute that would provide penalties for 
anyone, in or out of the Government, 
who makes public the content of secret 
or top-secret documents. The proposed 
penalty is a fine of not more than $10,- 
000 or imprisonment of not more than 
5 years, or both. 

Another piece of legislation proposed 
by the commission would authorize the 


19 JULY 


introduction of wire-tapping evidence 
that is procured by Federal officers in 
the investigation of criminal violations 
of security laws only. The specific ap- 
proval of the Attorney General would 
be required in every case, and the At- 
torney General would report semian- 
nually to the President and the National 
Security Council, enumerating the au- 
thorizations granted and stating the na- 
ture of each offense involved. 

Seaport Security. The commission 
urges strengthening the present port se- 
curity program by requiring that Coast 
Guard officers be assigned to screening 
duties for seamen’s or dock workers’ 
clearance on a full-time basis, and that 
they be trained in security techniques. 
Other recommendations would give the 
Commandant of the Coast Guard full 
jurisdiction over the program; place 
hearings in the hands of examiners from 
the proposed Central Security Office to 
promote uniformity in standards and 
procedures; make Army, Navy, and 
Coast Guard clearances for port workers 
interchangeable; and give detailed notice 
of reasons to persons who are denied 
clearance. 

A security program similar to that 
governing seamen and dock workers 
would be set up for civilian air transport 
employees, if the commission’s recom- 
mendations are followed. At present, only 
employees of the Civil Aeronautics Ad- 
ministration, the Civil Aeronautics 
Board, or other Federal agencies involved 
in air transport are subject to clearance. 
The commission proposes that all crew- 
men on international flights be screened 
and that ground personnel be denied ac- 
cess to restricted areas of civilian air- 
ports unless cleared by the CAB. The 
new program would be administered by 
the Secretary of Commerce and the CAB. 

The commission recommends that the 
present loyalty program covering Amer- 
icans working for the United Nations or 
other international organizations should 
be continued and extended to those who 
are security risks for reasons other than 
doubtful loyalty to the United States. 

Passports. The commission has pro- 
posed a number of important changes in 
the present use of passports and visas as 
instruments to protect the national se- 
curity. One recommendation would 
transfer the control of visas, except those 
for diplomatic and official passports, 
from the Department of State to the 
Department of Justice, with specially 
trained officials of the Immigration Serv- 
ice attached to U.S. embassies and con- 
sulates abroad to administer the pro- 
gram. This would avoid the confusion of 
the present dual system under which an 
immigrant may be granted a visa by a 
a U.S. consul abroad but is denied ad- 
mission by an immigration officer at the 


port of entry. The commission also rec- 
ommends continuation of the registration 
and fingerprinting of aliens. 

The commission urges Congressional 
clarification of the parole provisions of 
the Walter-McCarran Act. It also rec- 
ommends witholding change in status of 
refugees already admitted under those 
provisions until they have all been ade- 
quately screened. 

The commission believes that the prac- 
tice of withholding a passport as a se- 
curity measure should be continued, but 
that the standards and criteria for deny- 
ing a passport should be clarified and 
fixed by legislation. The commission pro- 
poses that a single fingerprint be required 
on both application and passport, and 
that, in case a passport is refused, the 
reasons should be stated in writing as 
specifically as security permits. 

The commission also recommends 
legislation making it a criminal offense 
for an American citizen to travel to any 
country in which his passport is declared 
to be invalid, or to refuse to surrender a 
passport that has been lawfully revoked. 


U.N. Report on Uses 
of Nuclear Energy 


A United Nations report on the pros- 
pects for the use of nuclear energy by 
the peoples of the world has recently 
been issued in a limited edition. The 
250-page mimeographed document, per- 
haps the most comprehensive of its kind 
prepared so far, has been submitted to 
the U.N. Economic and Social Council, 
which began consideration of its contents 
in Geneva on 2 July. 

The volume deals with applications of 
atomic energy to power production, in- 
dustry, and agriculture, as well as with 
labor problems and technical training 
facilities associated with the use of 
atomic energy. 

One section of the report summarizes 
the current and future nuclear power 
programs in Canada, France, Soviet 
Russia, the United Kingdom, and the 
United States. The material was col- 
lected through questionnaires sent to the 
various governments. 


Borden Awards 


‘A total of 1344 college and univei- 
sity students have received Borden Com- 
pany Foundation scholarship awards and 
prizes over the past 13 years. This is re- 
ported in a new Borden Company Foun-: 
dation directory which, for the first time, 
lists all the college and university schol- 
arship awards and prizes sponsored ‘by: 
the foundation. There are 176: such 
awards made annually. These are admin- 
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istered by 113 different colleges and uni- 
versities, located in 38 states. The awards 
are based on academic attainment, and 
most of the awards go to senior students 
who stand highest in their class for the 
first 3 years of college work. 


Scott’s Polar Rations 


The Atomic Energy Commission plans 
to examine canned food that was taken 
to Antarctica in 1910 by the British ex- 
plorer Capt. Robert F. Scott. Investiga- 
tors will measure the background radia- 
tion in Capt. Scott’s rations to see 
whether it is appreciably less than that 
of comparable foods today. The cans, 
which were stored at the British camp 
on Cape Evans in McMurdo Sound, were 
brought to this country by Sidney A. 
Schwartz, a physiologist who has been 
serving with the U.S. Navy in Antarctica. 

The food is being tested with the per- 
mission of the British Government. Some 
of the rations have been turned over to 
Great Britain’s Tin Research Institute at 
Greenford, where Peter Scott, son of the 
British explorer, recently tested samples 
and found them to be in excellent con- 
dition. 

If Captain Scott had reached these few 
cans of food on his return march from 
the South Pole in 1912, he might have 
survived. As it was, he and two com- 
panions died of starvation and cold 
within 11 miles of a well-stocked depot. 


Industry Sponsors $10-Million 
Thermonuclear Research Program 


The Texas Atomic Energy Research 
Foundation has announced the signing of 
a contract with General Atomic Division 
of General Dynamics Corporation for a 
4-year, $10-million jointly sponsored re- 
search program in the field of controlled 
thermonuclear reactions. The private 
electric utility companies operating in 
Texas recently organized the foundation 
to consolidate and make more effective 
their participation in the development 
of atomic energy in the United States. 

The thermonuclear research will be 
carried out at General Atomic’s new 
John Jay Hopkins Laboratory for Pure 
and Applied Science, San Diego, Calif. 
Research work is already under way. 
The staff of the laboratory now includes 
more than 150 scientists, engineers, and 
technicians. 

The aim of the research program is an 
understanding of heavy hydrogen reac- 
tions at high temperatures under con- 
trolled conditions. In such fusion re- 
actions large amounts of energy are 
released. The ultimate goal of controlled 
fusion research is to develop a system 
in which more energy is created than is 
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consumed in achieving control. of the 


reaction. 

This first large-scale private program, 
in common with those now being under- 
taken by the U.S. Atomic Energy Com- 
mission, aims first to demonstrate con- 
trolled thermonuclear energy conditions 
without immediate prospects for eco- 
nomical energy production from this 
source. If, ultimately, the latter can be 
achieved, there is promise of an almost 
unlimited energy source because of the 
great quantities of heavy hydrogen (deu- 
terium) in the sea. 


Indian Scholarships for 
Foreign Students 


To promote cultural relations between 
India and foreign countries, the Govern- 
ment of India will award 140 scholar- 
ships to non-Indian students and students 
of Indian origin permanently domiciled 
in 50 foreign countries. The scholar- 
ships will be available for higher studies 
in India under the General Cultural 
Scholarships Scheme, 1958-59. 

The awards will be made for studies 
in arts and humanities, sciences, agricul- 
ture, medicine, technology, education, 
law, commerce, forestry, veterinary sci- 
ence, engineering, and so forth, subject 
to the availability of seats in the various 
institutions in India. Preference will be 
given to postgraduate students. Recipi- 
ents will be encouraged to learn at least 
one of the Indian languages, particularly 
Hindi. 

The stipend has been set at 200 rupees 
per month. Students must pay their own 
travel expenses. 

Applications for these scholarships are 
being invited by Indian Government rep- 
resentatives abroad, and scholarships will 
be awarded on their recommendations. 
All applications should, therefore, be 
made to appropriate authorities. 


Zoological Nomenclature 


The International Commission on Zo- 
ological Nomenclature has announced 
that, beginning 28 Dec., it will start vot- 
ing on the following cases involving the 
possible use of its plenary powers for the 
purposes specified against each entry. 
Full details of these cases were published 
on 28 June in the Bulletin of Zoological 
Nomenclature (vol. 13, parts 6 and 7): 
(i) musicus Linnaeus, 1758 (Turdus), 
suppression; iliacus Linnaeus, 1758 (Tur- 
dus), validation of neotype for (CI. 
Aves); (ii) Oeobia Hubner, [1825], and 
emendation Oebia, suppression (Cl. In- 
secta, Order Lepidoptera); (iii) Indiana 
Matthew, 1902, designation of type spe- 
cies for (Cl. Crustacea, Order Ostra- 
coda); (iv) Globigerinidae Carpenter, 


Parker and Jones, 1862, to be given pre- 
cedence over Orbulinidae Schultze, 1854 
(Cl. Rhizopoda, Order Foraminifera) ; 
(v) Labeceras Spath, 1925, designation 
of type species for (Cl. Cephalopoda, 
Order Ammonoidea); (vi) Calycoceras 
Hyatt, 1900, designation of type species 
for (Cl. Cephalopoda, Order Ammo- 
noidea) ; (vii) Hoplitoplacenticeras, vali- 
dation of, as from Paulcke, 1906, with 
Hoplites plasticus Paulcke, 1906, as type 
species (Cl. Cephalopoda, Order Ammo- 
noidea); (viii) Kotoceras Kobayashi, 
1934 (Order Nautiloidea) and Dame- 
sites Matsumoto, 1942 (Order Ammo- 
noidea), validation (Cl. Cephalopoda). 
Proposals are also made for the adop- 
tion of Declarations: (i) clarifying the 
provisions of the “Code of Ethics,” the 
procedure to be adopted when a specific 
name is published in an abbreviated 
form, and the status of names published 
in works written in Latin; (ii) determin- 
ing the gender to be attributed to generic 
names with the terminations “-ides,” 
“ites” and “-oides.” Comments should 
be sent as soon as possible in duplicate 
to the secretary to the commission, 
Francis Hemming, 28 Park Village East, 
Regent’s Park, London, N.W.1. 


Congo Apes Get Live Poliovirus 


Strains of the live type of antipolio- 
myelitis vaccine from the United States 
are being tried out on a colony of captive 
chimpanzees in Lindi, 70 miles west of 
Stanleyville, Belgian Congo. The new 
project is being sponsored by the Medi- 
cal Department of the Belgian Congo 
and Hilary Koprowski of the Wistar In- 
stitute, Philadelphia, Pa. 

Ail chimpanzees in the colony are vac- 
cinated with a living, nonvirulent type 
of one or more strains of the three types 
of poliomyelitis. About 2 or 3 months 
later the animals are inoculated with a 
virulent type of virus, Using graduated 
doses of the vaccine, the researchers are 
able to record both reactions and the 
minimum amount of vaccine necessary 
for immunity. 

Meanwhile, the Health Department of 
the Congo is investigating the incidence 
of the disease among isolated indigenous 
tribesmen. Officials say that poliomye- 
litis is not a disease of civilization, as 
usually stated. 


NSF Research Proposals 


The Division of Biological and Medi- 
cal Sciences of the National Science 
Foundation has announced that the next 
closing date for receipt of research pro- 
posals in the life sciences is 15 Sept. Pro- 
posals received before that date will be 
reviewed at the fall meetings of the 
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foundation’s advisory panels, and dis- 
position will be made approximately 4 


months later. Proposals received after . 


15 Sept. will be reviewed after the winter 
deadline of 15 Jan. 1958. 

In addition, limited funds will be 
available during fiscal year 1958 (1 July 
1957-30 June 1958) for the support of 
research facilities and programs at bio- 
logical field stations. Inquiries should be 
addressed to National Science Founda- 
tion, Washington 25, D.C. 


Simmons Professorship 


Establishment of a James Stevens 
Simmons professorship in the Harvard 
School of Public Health has been an- 
nounced. The permanently endowed 
chair is named in memory of the late 
Brigadier General Simmons, who was 
dean of the School of Public Health 
from 1946 until his death in 1954. He 
had previously served 30 years in the 
U.S. Army Medical Corps and was chief 
of preventive medicine for the Army 
during World War II. The new profes- 
sorship was made possible by contribu- 
tions from friends, former colleagues, 
and students of General Simmons. 


News Briefs 


Thirteen electric utilities have formed 
Southwest Atomic Energy Associates to 
organize a research and development 
program aimed at practical use of atomic 
energy as a supplemental fuel for the 
future electrical needs of Arkansas, Loui- 
siana, Mississippi, Kansas, Missouri, and 
Oklahoma. 

* * * 

A Stone Age camping site, believed to 
be one of the richest of its kind in the 
world, has been discovered in Wonder- 
boom, Pretoria, Union of South Africa. 
A trial excavation has been made, and 
one trench alone produced more than 
5000 stone tools. The discovery was made 
by an amateur archeologist, H. M. E. 
Hanish, who bought a house in the dis- 
trict 2 years ago. 

* * * 

The Gulf Oil Corporation recently 
opened three new petroleum science re- 
search laboratories at the company’s 53- 
acre Research Center in Harmarville, Pa. 
The new units will conduct research on 
methods of oil production and the han- 
dling of well fluids; on fuels and lubri- 
cants for automotive, aviation, and ma- 
rine engines; and on the application of 
nuclear energy to all phases of petroleum 
science. 

* * * 

The Julius Kalman Science Center, 
newest and largest teaching and research 
facility at Brandeis University, was dedi- 
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cated recently. The center is named for 
a Boston financier who bequeathed $1.25 
million to the center, which cost $2.25 
million. 

* * * 

The Olin Mathieson Chemical Corpo- 
ration has announced a 4-year expansion 
program on new facilities for the de- 
velopment and production of high-energy 
solid propellants for rocket engines. New 
research and development laboratories, 
pilot plants, and test and production fa- 
cilities will be constructed at the com- 
pany’s Ordill Works near Marion, Ill. 

* * * 

Nuclear radiation laboratories will be 
built by the Texas Company at its re- 
search center at Beacon, N.Y. Construc- 
tion is to be completed by April 1958. 
The Vitro Corporation of America is 
cooperating in planning the engineering 
aspects of the new laboratory. 


Proposed Legislation 


Of the many bills introduced in Con- 
gress, some have a special relevance to 
science and education. A list of such bills 
introduced recently follows: 

H Con Res 193. Express sense of Con- 
gress that appropriate steps should be 
taken by U.S. in the U.N. to bring about 
creation of two committees for investi- 
gation and study of radioactive fallout 
resulting from nuclear explosions. Gubser 
(R Calif.) House Foreign Affairs. 

HR 8269. Prohibit further testing by 
explosion of nuclear devices so long as 
all other countries refrain from explod- 
ing such devices. Porter (D Ore.) Joint 
Committee on Atomic Energy. 

HR 8266. Promote welfare of the peo- 
ple by authorizing appropriation of funds 
to assist states and territories in further 
development of their programs of gen- 
eral university extension education. 
Green (D Ore.) House Education and 
Labor. 

S 2341. Provide for appointment of 
representatives of U.S. in organs of In- 
ternational Atomic Energy Agency, and 
make other provisions with respect to 
participation of U.S. in that agency. 
Pastore (D R.I.) Joint Committee on 
Atomic Energy. 

HR 8199. Authorize restoration of 
times taken from patents covering in- 
ventions whose practice was prevented 
or curtailed during certain emergency 
periods by service of patent owner in 
Armed Forces or by goveriamental con- 
trols. Fisher (D Texas) House Judiciary. 

S J Res 106. Establish a commission 
to investigate utilization of radio and 
television frequencies allocated to agen- 
cies and instrumentalities of Federal 
Government. Potter (R Mich.) Senate 
Interstate and Foreign Commerce. 

HR 8187. Create a U.S. Department 


of Mineral Resources and prescribe func- 
tions thereof. Baring (D Nev.) House 
Government Operations. 

HR 8188. Stimulate production of cer- 
tain strategic and critical minerals. Bar- 
ing (D Nev.) House Interior and In- 
sular Affairs. 

HR 8258. Provide a program for de- 
velopment of minerals resources of the 
US., its territories and possessions by en- 
couraging exploration for minerals and 
providing payments as incentives for pro- 
duction of certain minerals. Dawson (R 
Utah) House Interior and Insular Af- 
fairs. 


Scientists in the News 


GEORGE DARLING, professor of 
human ecology at Yale University, has 
been named director of the Atomic 
Bomb Casualty Commission, with head- 
quarters in Hiroshima and Nagasaki, Ja- 
pan. The commission, which is operated 
by the U.S. National Academy of Sci- 
ences in close cooperation with the Japa- 
nese government, has since 1946 been 
conducting long-term studies of Hiro- 
shima and Nagasaki populations to iden- 
tify any latent biological effects from the 
ionizing radiation of the atomic bomb of 
World War II. Darling succeeds ROB- 
ERT H. HOLMES, who is retiring after 
3 years as director. 


GUIDO PONTECORVO, professor 
of genetics at the University of Glasgow, 
Scotland, will be in the United States in 
December 1957 to deliver the Messenger 
lectures at Cornell University. 


The following awards were made dur- 
ing the recent meeting of the American 
Society for Enginering Education at 
Cornell University. 

ARTHUR L. TOWNSEND, director 
of the Lowell Institute School and asso- 
ciate professor of mechanical engineer- 
ing at Massachusetts Institute of Tech- 
nology, received the $500 James H. Me- 
Graw award for outstanding achieve- 
ment in technical institution education. 

FRANK A. HEACOCK, chairman of 
the department of graphics and director 
of extension courses at Princeton Uni- 
versity, received the engineering draw- 
ing award. 

ROBERT A. JANKE, assistant pro- 
fessor of physics at the Michigan Col- 
lege of Mining and Technology, won the 
$100: prize for the best paper by a young 
engineering teacher. 


EUGENE P. WHITLOW has been 
appointed chairman of the department 
of chemistry and chemical engineering 
at Southwest Research Institute. He 
joined the institute in 1956 as a senior 
physical chemist. 
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THOMAS H. DAVIES has been ap- 
pointed a director of research at the 
Mellon Institute. Davies, who has been 
the administrative head of the multiple 
fellowship sustained in the institute since 
1952 by the Pittsburgh Plate Glass Com- 
pany, was formerly at the University of 
Chicago as an associate professor in the 
Institute for Nuclear Studies, in the de- 
partment of chemistry, and in the Insti- 
tute of Radiology and Biophysics. At 
Mellon, Davies has developed a research 
program on problems of the structure, 
surface chemistry, and solid-state physics 
of glass. 


THEODORE T, MAGEL has been 
named by the Allegheny Ludlum Steel 
Corporation of Pittsburgh, Pa., to fill 
the newly created position of assistant to 
the vice president and technical director, 
with responsibility for nuclear materials 
development. He has been vice president 
in charge of development at Nuclear 
Metals, Inc., Cambridge, Mass., which 
he joined in 1944 as a group leader 
while it was being operated by Massa- 
chusetts Institute of Technology as a 
part of the Manhattan District Project. 


RONALD J. ROCKWELL, electrical 
engineer who is vice president and di- 
rector of engineering for the Crosley 
Broadcasting Corporation, has received 
Iowa State College’s Marston medal, 
which is awarded annually to an out- 
standing engineer alumnus. 


- RALPH S. JESSUP, specialist in heat 
standards at the National Bureau of 
Standards, has been awarded the De- 
partment of Commerce gold medal for 
exceptional service, the department’s 
highest honor. The award recognizes his 
“perfection of combustion calorimetry 
and development of the benzoic acid 
standard and the extension of precise 
laboratory techniques to measurements 
in difficult fields of fluorine reactions 
and solutions.” Jessup, who has been 
with NBS for more than 40 years, is a 
member of the thermodynamics section 
of the Heat and Power Division. 


WILLIAM M. HART has been ap- 
pointed chairman of the department of 
ophthalmology at the Sibley Memorial 
Hospital of American University. Con- 
struction of the new 350-bed hospital 
and nursing school will begin this fall. 
One half of the seventh floor, compris- 
ing. 30 beds, will be reserved for eye 
patients, 


ANNA C. HOLT, librarian of the 
Harvard Medical School, Harvard 
School of Dental Medicine, and Har- 
vard School of Public Health since 1935, 
retired on 29 June. She has served the 
library of the three schools since 1920. 
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ROBERT R. NEWELL has retired as 
professor of medicine and biophysics at 
Stanford University School of Medicine. 
A Festschrift issue of the Stanford Medi- 
cal Bulletin, containing contributed pa- 
pers of general interest in the fields of 
radiology, radiobiology, and biophysics, 
is being prepared in his honor for release 
in August. 

Newell received the M.D. degree at 
the University of California in 1916. He 
served successively as instructor, assist- 
ant professor, associate professor, and 
professor and head of the department of 
radiology at Stanford from 1920 through 
1947. In 1947 he resigned to take a sab- 
batical leave and devote himself to study 
of the clinical use of radioactive isotopes. 
He returned to Stanford in 1948 as pro- 
fessor of biophysics in the department of 
medicine, where he established an active 
isotope laboratory. 


DONALD P. ROGERS, who has been 
curator in charge of cryptogams at the 
New York Botanical Garden since 1947, 
will leave to become professor of botany 
at the University of Illinois. Also at the 
Garden, DAVID D. ROGERS, who has 
been teaching botany in the department 
of botany at Allegheny College, Mead- 
ville, Pa., has been named curator of eco- 
nomic botany. 


FRANZ ALEXANDER, director of 
the Mount Sinai Hospital Psychiatric 
and Psychosomatic Research Institute 
in Los Angeles, Calif., has been ap- 
pointed part-time visiting professor of 
psychiatry in the University of Cincin- 
nati College of Medicine. 


Recent Deaths 
JOHN BAHM, Princeton, N.J.; 70; 


electrical engineer and retired vice presi- 
dent of manufacturing and engineering 
for the Brazilian affiliate of the General 
Electric Company of South America; 30 
June. 

E. S. GUZMAN BARRON, Chicago, 
Ill.; 58; professor of biochemistry in the 
University of Chicago School of Medi- 
cine and a trustee of the Marine Biologi- 
cal Laboratories, Woods Hole, Mass.; 
took part in developing the atomic bomb, 
and later conducted research on the effect 
of radiation on enzymes and cell struc- 
ture; 25 June. 

FRANK E. BURCH, Duluth, Minn.; 
81; retired professor of ophthalmology at 
the University of Minnesota, former 
president of the American Academy of 
Ophthalmology and Otolaryngology; .1 
July. 

KNOX T. HUTCHINSON, Mur- 
freesboro, Tenn.; 62; Assistant Secretary 
of Agriculture from 1949 to 1953; former 
president of the Middle Tennessee Elec- 


tric Membership Cooperative and the 
Tennessee Rural Electric Cooperative 
Association; former professor of Agri- 
culture at Peabody College; 30 June. 

RAYMOND LEOPOLD, Philadel- 
phia, Pa.; 73; former executive vice 
president of Hahnemann Medical Col- 
lege and Hospital; 30 June. 

FREDERICK A. LINDEMANN 
(Lord Cherwell), Oxford, England; 71; 
formerly paymaster general of Great 
Britain who was in charge of Britain’s 
atomic development program; personal 
assistant and scientific adviser to Sir 
Winston Churchill when he was Prime 
Minister; former director of the Aero- 
nautical Research Laboratory at Farn- 
borough, Hampshire, Oxford University 
professor of experimental philosophy, 
and director of the Clarendon Labora- 
tory; 2 July. 

LAWRENCE F. LINDGREN, Lin- 
coln, Neb.; 67; instructor in pathology 
and bacteriology at the University of Ne- 
braska, associated with the department 
of bacteriology for 36 years; 21 June. 

JOHN MOOREHEAD, Millbrook, 
N.Y.; 82; medical director of the Sin- 
clair Oil Company, former professor of 
traumatic surgery at New York Post- 
graduate Hospital and author of Trau- 
matic Surgery; 1 July. 

DAVID S. NATHAN, Bronx, N.Y.; 
56; assistant professor of mathematics at 
City College; conducted research in the 
field of functional analysis, coauthored 
Analytic Geometry, a widely used college 
textbook; 1 July. 

CHRISTIAN SCHUSTER, Holyoke, 
Mass.; 89; retired head of the Holyoke 
Box and Lumber Company who was a 
student of American Indian lore and 
who presented a 7000-item collection of 
Indian relics to the museum of the Amer- 
ican Indian in New York; 25 June. 

MEYER SPERBER, Philadelphia, 
Pa.; 67; president of the Sperber Com- 
pany and an executive of H. Sperber and 
Sons, manufacturers and converters of 
textiles; a founder and the first president 
of the Society of Plastic Engineers; 29 
June. 

JOHANNES STARK, Traunstein, 
Germany; 83; winner of the 1919 Nobel 
prize for physics, discoverer of the 
“Stark” effect, former professor at 
Greifswald and Wurzburg universities; 
21 June. 

WALTER G. WILSON, London, 
England; 83; retired chief of design in 
Britain’s Mechanical Warfare Depart- 
ment; an inventor who developed a 
prototype of the tank; 30 June. 


Erratum: The first part of reference 7 of ‘‘Pre- 
vention of oviposition in the homey through tar- 
sal contact agents,” by K. R. S. Ascher, [Science 
125, 938 (10 May 1957)] should read “CDC Sum- 
mary of investigations, January-June 1955” (U.S. 
Public Health Service Communicable Disease Cen- 
ter, Atlanta, Ga.), No. 8, p. 43.” 
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Simple Laboratory Method for 
Producing Enriched Carbon-13 


With the increased precision in the 
measurement of relative isotope abun- 
dance ratios afforded by improvements 
in isotope-ratio mass spectrometers (J, 
2), it is possible to carry out a number 
of different tracer experiments using iso- 
topes at much lower enrichment levels 
than were formerly required. 

For the case of C8 enriched by a 
factor of 1.5 over the 1.1 percent nat- 
ural abundance level (thus, 0.55 atom 
percent excess C1), assuming a mass 
spectrometric sensitivity of 0.01 percent 
(1) in the C18/C?? ratio, dilution by a 
factor of 5500 is allowable. A dilution 
factor of 500 would probably be the 
practical limit because of complications 
from the possible isotope effects (3) in 
the chemical manipulations. 

A simple, inexpensive laboratory 
method for producing enriched C!* (as 
barium carbonate) is reported here (4). 
The general technique (5) makes use of 
the difference in rates of isotopic reac- 
tions, When a competitive’ irreversible 
isotopic reaction is carried out to a high 
extent of completion, the residual un- 
converted substrate becomes exponen- 
tially enriched in the heavier isotope. 

If one defines the isotope rate factor 
a=k/k* as the ratio of the rate con- 
stants for the reactions of the light and 
heavy isotopic reactants, then for the 
case of “small isotope effects” (a—1<«1), 
the over-all separation factor is given (5, 
6) by S=a%, where N is the equivalent 
number of stages of separation, defined 
N=- I1n(1-4); 6 is the fraction of sub- 
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strate reacted, or the “cut”; and the 
separation factor § is the isotopic ratio 
(heavy/light) in the enriched residual 
substrate divided by the corresponding 
ratio in the initial substrate. Thus, for 
99 percent reaction, the cut 6= 0.99, and 
N=4.61; for 6=0.999, N =6.91, so that 
a considerable amplification of the sin- 
gle-stage isotope effect is possible using 
high cuts. 

The reaction of dehydration of formic 
acid with sulfuric acid was found to be 
a suitable one for C!* enrichment by 
the high-cut method. Ropp, Wein- 
berger, and Neville (7) reported a C14 
isotope effect at 24.75°C of ky4/k,.= 
0.9141, from which one may estimate a 
value of 1.047. Some very 
recent experiments by Yankwich and 
Haschemeyer (8) on the C™ isotope 
effect lead to an extrapolated value at 
300°K of = 1.0576. As the basis 
of a sample calculation, the value a= 
1.057 will be used. To produce 1 mole 
of 1.4-percent C18 (§= 1.273) requires 
a value of N=4.35, corresponding to 
§=0.9872; thus about 80 moles of 
formic acid are needed. For 0.1 mole 
of 1.6-percent C18, N=6.75, so that 
about 85 moles would be required. 

In this study, eight batch-type experi- 
ments were carried out, with a number 
of minor variations in procedure. The 
initial quantity of formic acid ranged 
from 1.2 to 132 moles. All the experi- 
ments were performed at room tempera- 
ture (about 25°C), after an initial pe- 
riod at 0°C. The procedure for the 
largest-scale run (132 moles) was as 
follows. 

Fifteen pounds of formic acid (Gen- 
eral Chemical Co., 88 to 90 percent) 
were cooled to 0°C; 18 lb of precooled 
sulfuric acid (technical, 93 percent) 
were added slowly to the cold formic 
acid in a large open vessel. The opera- 
tion was carried out under a hood. After 
5 hr at 0°C, the rate of evolution of 
carbon monoxide had greatly dimin- 
ished; the solution was allowed to warm 
up to room temperature and was trans- 
ferred to a 12-lit flask. During the next 
48-hour period, approximately 55 lb of 
sulfuric acid was added in several in- 
crements. After a total of 92 hours, 


the rate of gas evolution was quite slow 
(about 3 to 5 ml/min); 5 lb of sulfuric 
acid was added and the first product 
collection was begun. The carbon mon- 
oxide was swept out of the flask by 
bubbling a slow stream of dry, CO,-free 
air through the solution. The gases then 
passed through an Ascarite tube (to re- 
move possible CO, formed from some 
trace impurity), then through a copper 
oxide tube (450°C) into a gas-washing 
bottle containing 1/1 ammonium hy- 
droxide. After 13 hours, the collection 
was ended and the C1%-enriched carbon- 
ate was precipitated (barium chloride 
solution), washed, filtered, and dried. 
One-tenth mole of barium carbonate 
was recovered. The CO, evolved from a 
sample of this BaCO, was 33.2 percent 
enriched (9) in relation to a reference 
sample of CO, obtained from quantita- 
tive oxidation of formic acid (which it- 
self happened to be 1.1 percent enriched 
in relation to tank CO,). From this it 
can be calculated that the residual fer- 
mic acid should be characterized by a 
separation factor 1.057 x 1.332= 1.408 
(40.8 percent enriched) at the niean 
time of the CO, collection (about 98 
hours after the start of the reaction). 
Two subsequent samples of enriched 
BaCO, (14 and 1.2 g) were collected 
over a period of 1 week. A final sample 
(0.4 g) was obtained by heating the 
flask to 65°C for 1 day to decompose 
the residual formic acid. The C?* en- 
richments were 40.8, 51.9, and 52.6 
percent, respectively, so that the 
weighted average enrichment of the 
last three samples was 42.0 percent. Cal- 
culating back to the average enrichment 
at the mean time of the first CO, collec- 
tion, a result of 38.6 percent is obtained; 
this is in fair agreement with the esti- 
mated value based on the enrichment 
of the first CO, sample collected. 

Detailed results of all the experiments 
and a quantitative comparison with the- 
ory are presented elsewhere (6). It will 
suffice to say that, although the yields 
of enriched C!* were always somewhat 
lower than those predicted (the yields 
corresponded to an apparent value of 
a=1.050 rather than 1.057, probably 
because of handling losses), it was pos- 
sible to prepare molar quantities of 
barium carbonate at an enrichment of 
25 percent, decimolar amounts enriched 
to 45 percent, and centimolar quanti- 
ties enriched by a factor of 1.5 above 
the natural abundance level. 

Assuming current prices for reagent- 
grade formic acid and technical-grade 
sulfuric acid, the reagent cost for a 100- 
mole experiment is about $8; the use of 
technical-grade formic acid would re- 
duce this cost to about $3.30. Since no 
elaborate equipment is needed, and 
since the process requires virtually no 
attention, it may be of some practical 


119 


> 
t 
S 
r 
= 
it 
l- 
of 
it 
= 
e 
d 
e 
a 
d 
ae 
of 
: 
a 
: 
d 
of 
it a 
le 
: 
: 
t- 
e- — 
r- 
n- 
n- 
= 
26 
< 
phx. 


interest as a simple laboratory tech- 
nique for the production of tracer C1. 
The possible application of the high-cut 
method to the enrichment of other iso- 
topes is being considered. 

Ricuarp B. BERNSTEIN 
Chemistry Department, 

University of Michigan, Ann Arbor 
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Lung Volume of 
Amphibian Tadpoles 


In 1949 Witschi (1) described, in tad- 
poles of the genus Rana, a pair of 
fibrous strands which connect the round 
windows of the otic capsules with the 
bronchi. In the following year (2) he 
noted that larvae of Xenopus possess 
small diverticula of the bronchi which 
also come into contact with the round 
windows of the ears. Witschi called these 
structures bronchial columellae and 
bronchial diverticula, respectively. 

It occurred to Witschi (J, 3) that 
these connections of the gas-filled lungs 
with the ears might serve for the trans- 
mission of pressure changes, particularly 
sound vibrations. In order to make quan- 
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Fig. 1. Relation of applied pressure differ- 
ence (Pi—P:2) to lung volume increase 
(V2— Vi) in larvae of Rana and Xenopus. 
The calculated original lung volume is in- 
dicated in cubic centimeters at each graph. 
Note that one curve for Xenopus repre- 
sents two animals (2V:= 0.056 cm‘). 
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-titative statements about sound and pres- 


sure reception by the lung, the lung vol- 
ume is an important quantity to be 
known. 

Since dissection of the lungs and sub- 
sequent determination of their volume 
introduces uncontrollable errors because 
of manipulation, it was decided to de- 
vise a technique for measurement in the 
living animal. 

Let a specimen of Rana species be 
swimming free in a vessel under atmos- 
pheric pressure P,. The volume of the 
animal’s lung may be denoted by Vj. 
Then, if the vessel is partially evacuated 
to pressure P,, the volume of the lung 
(assuming passive behavior of this or- 
gan) will increase to V,, such that 


= V2P2 


(temperature T constant). By suitable 
manipulation, this expression may be re- 
stated 


1) 


Since P, and P, are known, it is neces- 
sary to know only (V,—V,), or the in- 
crease in volume. To measure this quan- 
tity, one or more animals were enclosed 
in a small vessel completely filled with 
water. Through the stopper of this ves- 
sel, a calibrated capillary protruded, 
which was approximately half filled with 
water. Thus, the only free air present in 
the system is the air in the lungs of the 
animals. This small vessel was put in a 
larger vessel, in which a volume of water 
served as a temperature buffer, so that 
no changes in temperature would occur 
during an experiment; a thermometer 
was added to check this. The large ves- 
sel was then evacuated to a preset pres- 
sure in the range of 56 to 76 cm-Hg, and 
the rise in level of the fluid in the capil- 
lary was measured, Since the capillary 
was calibrated, the rise in level could be 
read directly as 10-2 ml increase in vol- 
ume. 

It was assumed that the lung expanded 
passively; if this assumption is correct, 
the same value for V, must obtain from 
any set of P, and P,, or in a graphical 
representation, the relation (P,—P,) 
versus (V,—Vy,) should be a straight 
line. For each animal or set of animals, 
such a straight line was obtained. Fig- 
ure 1 shows four cases, two of Rana 
catesbeiana and two of Xenopus laevis. 
It is apparent that the slope of a par- 
ticular relation is determined by the 
initial volume, V,, which is indicated in 
the graph. In a series of measurements 
on single Rana catesbeiana larvae of 
stages 28 to 29 (Witschi, 4) values of V, 
ranged from 0.14 to 0.42 cm, with the 
mean at 0.28 cm’. Xenopus laevis larvae 
of similar age were measured in groups 
of three, four, and ten individuals, and 
the total lung volume was divided by the 
number of animals. Thus, values of V, 


ranged from 0.020 to 0.034 cm* with 
the mean at 0.026 cm*. Since Rana lar- 
vae are heavier than water and tend to 
sink to the bottom, while Xenopus lar- 
vae are lighter and have to make con- 
tinuous effort to keep from floating up 
(5), one is led to infer that Xenopus 
larvae carry relatively more air than 
Rana tadpoles. It is then meaningful 
to express the lung volume as percentage 
of body volume. Therefore, the body vol- 
ume of the animals was measured before 
each pressure experiment by dropping 
them in an appropriate graduated cylin- 
der and noting the rise of the meniscus. 
Thus it appears that Rana larvae have 
an average lung volume amounting to 
2.3 percent of body volume; Xenopus 
larvae, on the other hand, maintain an 
average of 3.7 percent air. 

From these results, it is possible to 
obtain an upper and lower bound of the 
specific gravity of the tadpole as a 
whole. Assuming a floating condition 
(specific gravity, 1.0000), where the air 
just cancels the weight of the tissue in 
excess of the weight of an equal volume 
of water, one may calculate from the 
quoted percentages that the specific grav- 
ity lies between 1.020 and 1.034. 

A measurement was carried out to de- 
termine the specific gravity of Xenopus 
larvae in the following manner. A small 
number of larvae were homogenized in 
a known volume of water. The total 
volume was determined after homoge- 
nization, which thus yielded the volume 
of tadpole tissue. From this 1-cm* sam- 
ples were weighed; after correction for 
the added water, these weighings aver- 
aged at 1.025 for the specific gravity of 
Xenopus larval tissue (6). : 

Wittem A. vAN BERGEI]K* 
Zoology Department, State 
University of Towa, Iowa City 
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Leaching. of Carbohydrates from 
Plant Foliage as Related to 
Light Intensity 


Modern use of radioactive isotopes 
has effectively demonstrated: the loss of 
mineral nutrients from plant foliage by 
leaching with aqueous solutions (J, 2). 
In addition, large amounts of organic 
materials, principally carbohydrates, can 
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Fig. 1. Loss of carbohydrates from bean leaves by leaching with distilled water as related 
to light intensity. (Top) Hourly variation of light intensity in foot candles; (bottom) 
average hourly carbohydrate loss in micrograms per leaf. 


be leached from leaves (1, 3). During 
the course of leaching studies at our lab- 
oratory, an interesting relationship be- 
tween carbohydrate loss and light inten- 
sity has been noted and is herein re- 
ported (4). 

Bean seeds (Phaseolus vulgaris, var. 
Contender) were germinated in sand, 
and the seedlings were transferred to 
aerated cultures containing half the 
nutrient intensity of Hoagiland’s stand- 
ard solution (5). After 2 weeks, an en- 
tire primary leaf, while still attached to 
the intact plant, was immersed in 130 
ml of distilled. water in a flat vessel. 
Leaves on six plants were used for repli- 
cation, At hourly intervals for 24 con- 
secutive hours, including the natural 
daylight and dark periods, the solutions 
in the vessels were drawn off and re- 
placed with fresh distilled water. The 


‘solutions containing the leaf leachate 


were evaporated on a steam bath to a 
standard volume of 10 ml and analyzed 
colorimetrically for carbohydrates (6). 
The plants were harvested at the end of 
the leaching period; the leaves which 
had been leached were removed, and 
dry weights were determined. Light in- 
tensities were recorded during the ex- 
perimental period. 

The results of the study are presented 
in Fig. 1. The upper half of the graph 
shows hourly variations of light intensity 


in foot candles, and the lower half shows - 


the: hourly losses of carbohydrates in 
micrograms per leaf. The two curves 
are remarkably similar, showing an ap- 
parent direct relationship between light 
intensity and the leaching of carbohy- 
drates. It will be observed that greatest 
removal of carbohydrates occurred dur- 
ing the periods of highest light intensity. 
Only small losses occurred during dark- 
ness. The total loss of carbohydrates dur- 
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ing the 24-hour period was 7.5 mg per 
leaf, which was 4.8 percent of the dry- 
weight equivalent of the leached leaves. 
Variation among the replications was 
slight in both total and hourly losses. 
The principal carbohydrate leached 
from bean leaves under similar condi- 
tions has been identified as a galactan 
(1). 

To substantiate further the relation- 
ship between carbohydrate loss and light 
intensity, two variations were introduced 
into the afore-described experimental 
procedure: (i) the leaf being leached 
was left exposed to light, and the re- 
mainder of the plant was covered with 
a black cloth; and (ii) the leaf being 
leached was covered with a black cloth, 
and the remainder of the plant was ex- 
posed to light. 

In general, the results were similar to 
those reported earlier in this paper. 
When the leaf was left exposed to light 
(variation i), loss of carbohydrates 
paralled the intensity of light; and when 
the leaf was covered with the cloth 
(variation ii), carbohydrate losses were 
constantly low and did not fluctuate with 
the changes of light intensity. Further, 
although the temperature of the leach- 
ing solution and the covered leaf (vari- 
ation ii) rose somewhat during the 
hourly intervals, no relationship between 
these rises and the carbohydrate loss 
could be determined: This tends to show 
that the light intensity, and not the tem- 
perature increase, was the factor asso- 
ciated with carbohydrate loss from the 
leaves. 

Two hypotheses may be suggested to 
explain these phenomena. First, increased 
solar radiation stimulates the photosyn- 
thetic activity of the leaf. Since newly 
elaborated carbohydrates are readily 
water soluble, they are in a condition to 


be easily leached immediately after 
manufacture. Second, the mechanism of 
carbohydrate removal may be affected. 
There is evidence that the number of 
plasmodesmal connections from the cells 
to the leaf surface increases in the light 
(7). The plasmodesmata may aid in es- 
tablishing a pathway for carbohydrates 
to be leached from the leaf. 

Varying amounts and intensities of 
rainfall occur in different parts of the 
world and at different seasons of the 
year. In addition, many modern agri- 
cultural practices—for example, over- 
head irrigation, mist propagation, syr- 
inging, and spraying—involve the appli- 
cation of aqueous solutions to above- 
ground parts of plants. It has been 
shown that more than 400 kg of carbo- 
hydrates per acre can be removed by 
rain from the foliage of apple trees dur- 
ing a single growing season (3). The 
close relationship between light intensity 
and carbohydrate losses by leaching and 
the significance of these losses, especially 
at critical times in plant development, 
await further evaluation. 

H. B. Tukey, Jr. 
S. H. Wittwer 
H. B. Tuxey 
Department of Horticulture, Michigan 
State University, East Lansing 
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Thyroxine Effect on Melanophore 
Contraction in Xenopus laevis 


While working with lathyrism in the 
South African toad, Xenopus laevis 
Daudin, we observed that tadpoles be- 
came blanched when they were treated 
with thyroxine solution. A series of ex- 
periments was then designed to investi- 
gate the role of thyroxine in the color 
control mechanism of this species (/). 

It is well known that in both adult 
and larval Xenopus, removal of eyes 
results in expansion of the epidermal 
melanophores (2). Figure 1a illustrates 
a skin preparation from a newly blinded 
tadpole showing the expanded melano- 
phores. When such animals are placed in 
L-thyroxine-Na solution of various con- 
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centrations, they become pale within an 
hour through contraction of the melano- 
phores (Fig. 1b). The minimum effec- 
tive dose producing this condition is 
about 1 mg/lit. Blanching is obtained 
more rapidly if a thyroxine solution is 
injected into the body cavity. The pale 
condition may be attained within 15 
minutes, and the minimum effective 
dose is found to be 0.1 ug per tadpole. 
This blanching effect is reversible. When 
the treated tadpoles are returned to 
aquarium water, the melanophores 
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Fig. 1. (a) Newly blinded tadpole with 
skin removed from head region in front of 
the brain (x90). (b) Same preparation 
as in (a), except that tadpole was treated 
with L-thyroxine at a concentration of 2 
mg/lit. (c) Web preparation from blinded 
adult that had received 1 mg of L-thyrox- 
ine (X 100). (d) Same preparation as in 
(c) except that the blinded adult received 
5 mg of atropine in addition to thyroxine, 
showing that expansion of melanophores 
is not affected (x 100). 


slowly expand and regain their’ original 
condition. 

The adult animals used in the follow- 
ing experiments were blinded females 
of a body weight of about 120 g. 
L-Thyroxine-Na was administered by in- 
traperitoneal injection. The minimum 
effective dose for such mature animals 
is 0.1 mg/100 g of body weight. The 
time lapse between injection and color 
response is the same as it is in tadpoles, 
about 15 minutes. 

The question of whether the thyroxine 
effect on melanophores is a direct one 
or is mediated through some intermedi- 
ate route such as a hormonal or neuro- 
humoral mechanism was answered in 
the following experiments. When pieces 
of isolated skin of tadpoles or web from 
blinded adult animals were immersed in 
distilled water (3) containing thyroxine 
at a concentration of 2 mg/lit, the epi- 
dermal melanophores failed to contract. 
The result indicates that an indirect 
mechanism is involved. This is further 
demonstrated by the following experi- 
ment, Both normal tadpoles and adults 
were first darkened by pretreatment 
with injection of melanophore-stimulat- 
ing hormone. Thyroxine was then given 
to these animals either by placing the 
animals in solution, as in the case of 
tadpoles, or by injection, as in the case 
of adults. Regardless of the treatments, 
all animals in both groups remained 
dark. Evidently the melanophores are 
not affected by the thyroxine that is ad- 
ministered under these conditions. 

The possibility of an inhibitory mecha- 
nism by thyroxine on release of melano- 
phore-stimulating hormone from the 
pars intermedia is also ruled out by the 
fact that a larva with its transplanted 
adult hypothesis in the body cavity does 
not react to thyroxine treatment. The 
animals showed a slight pale tint but 
were not blanched, in contrast to the ex- 
perimental controls. This result points 
out the possibility of the participation 
of a neurohumoral mechanism of the 
hypothalamus. For demonstration of the 
presence of such a mechanism, both di- 
benamine (antiadrenergic) and atropine 
(anticholinergic) were used. Four 
blinded adult females were injected 
with 5 mg of dibenamine each and an- 
other four animals with the same 
amount of atropine. One hour later, 1 
mg of thyroxine was given to each of 
the eight animals. Another four animals 
served as controls, and each received 1 
mg of thyroxine only. The animals that 
received dibenamine and those that re- 
ceived thyroxine become blanched (Fig. 
lc), while the animals that received 
atropine remained dark, like the un- 
treated controls (Fig. 1d). This demon- 
strates clearly that the effect of thyroxine 
on the color control mechanism is an 
indirect one, involving a neurohumor of 


cholinergic nature which in turn controls 
the release of melanophore-stimulating 
hormone from the pars intermedia. In- 
jection of acetylcholine also brings out 
the contraction of melanophores. But 
the dosage required is relatively high (5 
mg per adult animal), probably because 
of the rapid destruction of this substance 
in the body by the presence of cholin- 
esterase. 

Since 1-triiodothyronine fails to affect 
color change in this species even with a 
dosage 10 times greater than that of 
thyroxine used, it appears that the thy- 
roxine effect is highly specific. Our un- 
published results show that thyroxine 
may also be involved in initiating ovula- 
tion through stimulation of the hypo- 
thalamus (4). It seems that thyroxine 
may play a more important role in endo- 
crine physiology than we know at the 
present time. 

Cur YE CHANG 
Department of Zoology, State 
University of Iowa, Iowa City 
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Control of Etiolated Bean 
Leaf-Disk Expansion by 
Gibberellins and Adenine 


The action spectrum for promotion of 
etiolated leaf expansion by red light 
(6500 A) and the reversal of this effect 
by far red light (7350 A) (/) is analo- 
gous to the one controlling flowering (2). 
The mechanism involved in this bio- 
chemical reaction is unknown, although 
research directed toward its understand- 
ing has revealed several important points. 
Among these points is that the response 
depends on the quality of light given 
last. The promotion of leaf expansion by 
cobalt (3) and kinins (4) is essentially 
additive to the promotion by red light, 
and, in addition, these substances appear 
to be capable of modifying the response 
to far red light (5). 

In attempts to elucidate still further 
the interaction of kinins with light in 
controlling leaf expansion, approximately 
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60 additional kinins have been examined 
(6). Although most of these show a pro- 
motion which is simply additive to the 
promotion by red light, the experiments 
cited in the report (7) show that adenine 
and some closely related analogs produce 
an appreciable amount of growth that is 
equal in all light conditions and in dark- 
ness. 

The observation that the gibberellins 
alter the red-light-induced inhibition of 
elongation growth (8, 9) prompted the 
examination of these substances for their 
ability to control etiolated bean leaf disk 
expansion. The experiments reported 
here show that the gibberellins (/0) pro- 
mote the expansion of etiolated leaves 
and that this promotion is additive to 
that induced by red light. 

Seed of Burpee Dwarf Stringless Green 
Pod beans were soaked for three hours, 
treated with Ceresan, and then grown in 
river-washed sand contained in flats in 
a dark room maintained at 25+1°C 
until the leaves were approximately 2 to 
2% cm? in area. Disks 5 mm in diame- 
ter were taken from the leaves and placed 
in petri dishes on filter paper moistened 
with 5 ml of basal solution, where they 
received chemical and light treatments 
in a manner indicated previously (4). 

Table 1 indicates the magnitude of in- 
crease induced by the various substances 
after 48 hours of growth. The most im- 
portant result of these experiments ap- 
pears to be that the promotive action of 
adenine and thiopurinesuccinic acid is 
independent of the quality of light to 
which the disks are exposed, and in fact 
independent of whether light is given at 
all. Our unpublished experiments show 
that this type of response is exhibited 
only by compounds closely related to 
adenine (6). The response caused by 
adenine should be compared with that 
given by leaf disks grown in basal me- 
dium or in a medium containing cobalt. 
In the latter two cases, both the red- 
light effect and its reversal by far red 
light are observed. Although Bonner and 
Haagen-Smit (11) showed that adenine 
is active in controlling mesophyll devel- 
opment, they never obtained as great a 
difference between controls and treated 
leaves as that reported here. The pres- 
ent results suggest that adenine or some 
closely related compound may be the 
final product of the red-light-mediated 
reaction in leaf-disk expansion since all of 
our results to date show that adenine can 
completely replace the red-light require- 
ment in this system. As the results re- 
ported here show, adenine and _thio- 
purinesuccinic acid at the lowest concen- 
tration examined are at least 3 times as 
effective as a single irradiation with red 
light. Whether these compounds would 
be more effective than repeated or con- 
tinuous exposure to light has not yet 
been determined. It is difficult to recon- 
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Table 1. Control of leaf-disk expansion by light and growth substances. Growth is ex- 
pressed as increase in diameter, plus or minus standard error, in 48 hours. Each figure 


. represents an average of six separate experiments. 


Compound 
Light treatments 
= : Red Red-far red Far red Dark 
None 1.222 .0S 1.00 + .04 0.99 + .05 0.68 + .00 
Cobalt* 2.30 1.53 1.47 1.57 
Adenine 
0.25 2.20 + .02 2.21 + .06 2.19 + .07 2.23 + .04 
Pe 2.79 + .02 2.84 + .05 2.81 + .04 2.81 + .04 
25.0 2.31 + .03 2.31 + .03 2.29 + .05 2.30 + .03 
50.0 1.96 + .04 1.96 + .04 1.99 + .02 2.05 + .08 
6-(2-Thiopurine) - 
succinic acid 
0.25 2.39 + .09 2.44 + .05 2.38 + .05 2.37 + .06 
3.34 + .06 3.32 + .06 3.30 + .04 3.31 + .07 
25.0 2.99 + .04 3.01 + .03 3.01 + .04 3.03 + .05 
50.0 1.84 + .02 1.86 + .03 1.84 + .02 1.91 + .04 
Gibberellic acid 
0.25 2.74 + .04 1.41 + .04 1.53 + .05 1.79 + .04 
25 2.56 + .08 1.53 + .04 1.41 + .06 2.01 + .07 
25.0 2.51 + .06 2.11 + .07 2.04 + .03 2.21 + .06 
50.0 2.18 + .05 1.43 + .05 1.40 + .04 2.09 + .06 


* Cobaltous nitrate, 0.98 x 104M. 


cile these findings with the statement by 
Miller (/2) that substitution in the 
amino group is necessary since adenine 
itself was inactive in promoting expan- 
sion of etiolated bean leaves. The con- 
ditions he used appear to be identical 
with ours, except that a buffer was used 
in our experiments. 

As shown in Table 1, the gibberellins 
also actively promote leaf expansion, 
both in darkness and in red light, with 
the red-light effect being at least par- 
tially additive to the gibberellin effect. 
Perhaps the most interesting observation 
made with the gibberellins is in their in- 
teraction with far red light. Thus, far 
red irradiation not only reverses the red- 
light effect, but also largely eliminates 
the effect of the gibberellins at all con- 
centrations tested. The reason for failure 
of the far red light to cause a significant 
repression of growth at the 25-ug con- 
centration is not readily apparent. The 
data presented here also show that the 
promotion by gibberellin is only slightly 
affected by concentration and suggest 
that the interaction with light may be 
very complex. In any case, it appears 
that the gibberellins or some complex 
which they form to promote expansion 
are very sensitive to far red light. Fur- 
ther experiments are in progress to eluci- 
date this phenomenon. 

The results reported for the gibberel- 
lins are not in agreement with the state- 
ment made by Lockhart (8) that gib- 
berellic acid alone is not able to promote 
leaf expansion of dark-grown peas. 
Lockhart cited no specific data, but this 
disagreement in findings may indicate a 
fundamental difference between the leaf 
growth systems in beans and peas. On 


the basis of evidence now available, it 
is not possible to tell whether the role 
of gibberellins in promoting leaf growth 
of beans is the same as its role in revers- 
ing the red-light inhibition of elongation 
growth. These results point up the ira- 
portance of further and more detailed 
study of systems exhibiting such growth 
responses. 

Data from other experiments just com- 
pleted show that adenine and indole- 
acetic acid interact with light to control 
leaf expansion (6). It will be a very in- 
teresting turn of events if it happens 
that the gibberellins also interact with 
adenine and indoleacetic acid to control 
leaf expansion, for a thorough under- 
standing of the mechanism of their inter- 
action would lead to a far better under- 
standing of plant growth processes in 
general. 

Ratpu A. Scorrt, Jr. 

James L. LiverMAN 
Departments of Biochemistry and 
Nutrition and Plant Physiology and 
Pathology, Texas Agricultural 
Experiment Station, College Station 
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Anterior Pituitary Preparation 
with Tropic Activity for Sebaceous, 
Preputial, and Harderian Glands 


In this report, the methods of prepa- 
ration and assay of a crude extract of 
anterior pituitary glands of hogs show- 
ing tropic effects on sebaceous, preputial, 
and Harderian glands in the rat are de- 
scribed. These effects can be called sebo- 
tropic because the ectodermal glands af- 
fected produce secretions rich in lipids. 

Lasher, Lorincz, and Rothman (/) ob- 
served that, in mature, ovariectomized, 
white rats, hypophysectomy results in 
atrophy of cutaneous sebaceous glands 
and loss or greatly diminished respon- 
siveness of these glands to the growth- 
stimulating effect of progesterone or 
testosterone. In such rats, furthermore, 
preparations of corticotropin, somato- 
tropin, follicle-stimulating hormone, pro- 
lactin, pituitrin, pitressin, and chorionic 
gonadotropin all failed to restore respon- 
siveness of sebaceous glands to stimula- 
tion by progesterone. 

That some pituitary tropic principle 


is involved in the maintenance of growth 


responses of the preputial glands (2) and 
Harderian glands (3) has also been 
recognized. In the case of the preputial 
glands, this pituitary factor was recently 
claimed to be growth hormone (4), 
whereas, in the case of the Harderian 
glands, the less definite suggestion was 
made that growth hormone and possibly 
even thyrotropin were involved (5). 

Fresh, anterior pituitary glands of hogs 
were dried with acetone and extracted 
with acetic acid by a method commonly 
used in the preparation of corticotropin 
(6). The remaining residue, from which 
corticotropin, thyrotropin, and somato- 
tropin had been largely removed, was 
suspended in water, brought to pH 8.6 
with dilute ammonium hydroxide, and 
filtered. The filtrate obtained was clari- 
fied with Dicalite, adjusted with dilute 
hydrochloric acid to pH 3.0, and cooled 
for 2 days at 8°C. The precipitate which 
formed was then collected, diluted with 
0.5-percent phenol solution, and its pH 
adjusted to 6.8. Each milliliter of the re- 
sulting preparation (7) contained about 
4.5 mg of nitrogen. Analysis of 0.2-ml 
aliquots of the final preparation for 
glucosamine by a method which could 
detect as little as 5 ug of the substance 
(8) failed to reveal its presence. 

The results of experiments carried out 
with animals are summarized in Table 
1. Hypophysectomized, castrated, male, 
Sprague-Dawley rats weighing between 
100 and 150 g were used following post- 
operative recovery periods of 5 to 7 
days. These animals were periodically 
weighed, maintained under uniform con- 
ditions, and fed ad libitum a diet con- 
sisting of rat food pellets, horse meat, 


Table 1. Effects of sebotropic preparation, somatotropin, and thyrotropin individually 
and in combination with progesterone on glands of sebaceous type in castrated, hypo- 
physectomized rats. Injections were given for 14 days. Data are presented as means 
+ standard errors. The figures in parentheses in column 2 indicate the numbers of rats 
from each group which were used in the determination of data on cutaneous sebaceous 


glands. 
Cutaneous 
Preputial Harderian 
Body wt. glands glands 
No. of glands 
Treatment (% in- (wt.inmg/ {wt. in mg/ 8 
Rats (mm*® 10°/ 
crease ) 100 g 100g 100 
g 
body wt. ) body wt.) body wt.) 
Control 3021.1... 105+0.6 82.5 + 2.8 7440.8 
Progesterone* 12:2+08 75.7 + 2.0 4.8 + 0.3 
Sebotropic preparationt 10(8) 8142.1 17.041.7. 101.5+6.1 7.6 + 1.3 
Sebotropic preparation + 
plus progesterone*  42933.1 108:825.1 186250 
Somatotropint 14(6) 24.9416 13.3409 6.9+1.7 
Somatotropint 
plus progesterone* 21(6) 27.1414 154241.4 
Thyrotropin§ 5 77.2426 
Thyrotropin§ 
plus progesterone* 18 120410 82.9 + 2.0 


* Progesterone, 1.0 mg daily (Vitarine Co. No. 4520 and Syntex Co. No. 195). + Sebotropic preparation, 
0.25 ml daily. { Somatotropin, 0.15 mg daily (Armour Lot Nos. R491132 and D728076). § Thyrotropin, 1 


U.S.P. unit daily (Armour Lot No. M2105). 


whole-wheat bread, oranges, carrots, and 
canned milk. Tap water and saline were 
available for drinking. Hormones in the 
dosages indicated in Table 1 were in- 
jected subcutaneously into the lower ab- 
dominal region each day for 14 days. 
At the end of this period, the average 
cutaneous sebaceous gland volume in 
some rats was determined by the method 
of Haskin, Lasher, and Rothman (9), 
and the pairs of preputial and Harder- 
ian glands from each animal were dis- 
sected out and weighed. 

It can be seen from Table 1 that sebo- 
tropic effects are not associated with the 
administration of either growth hormone 
or thyrotropin. It is also noteworthy that 
the response of Harderian glands to the 
sebotropic preparation does not require 
the simultaneous presence of a steroid 
hormone such as progesterone, as is the 
case with the responses of preputial (10) 
and cutaneous sebaceous glands. 

The sebotropic preparation used in our 
experiments requires more precise char- 
acterization. There is a remote possibil- 
ity that the observed effects on the 
growth responses of preputial, Har- 
derian, and cutaneous sebaceous glands 
might have resulted from some unusual 
combined action of known pituitary 
hormones which could have been present 
in small amounts in our crude extract. 
There is also the possibility that this 
sebotropic extract might further be re- 
solved into more specific components. 
Studies in these directions are in prog- 
ress. 

Besides affecting glands of the seba- 
ceous type, our extract also appeared to 
influence hair follicle and surface epi- 
dermal growth and thickness. These 
effects, however, are based only on gross 
impressions, and detailed quantitation is 
still required. 

L, Lortncz* 
Grorcina LANCASTER 
Department of Dermatology, 
Walter Reed Army Institute of Research, 
Walter Reed Army Medical Center, 
Washington, D.C. 
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Leukopenia: an Inherited 
Character in Mice 


It has been shown from many hemato- 
logical studies that pathological condi- 
tions, such as various types of anemia 
(1) and leukemia, are inheritable. Some 
of these conditions can also be experi- 
mentally produced in animals. In mice, 
it has been reported that blood pH (2) 
and leukocyte counts (3) are correlated 
with resistance to typhoid organisms and 
are partially correlated with longevity in 
rats (4). Inherited leukopenia, however, 
has not been reported in either human 
beings or animals. 

During the course of a genetic study 
of variability in body size, it was dis- 
covered that the small strain of mice 
were leukopenic. This report presents 
the evidence on the inheritance of this 
condition (5). 

The mouse stocks used in this study 
were the large and small strains and 
their hybrid generations of the F,, F,, 
first, second, and third backcrosses. Both 
large and small strains were originated 
by selection for body size and perpetu- 
ated by brother-sister mating. The small 
mice studied were produced in the 17th 


to 29th generations of inbreeding, and 
the large mice in the 3rd to 8th genera- 
tions, The historical! developments and 
some of the biological properties of both 
strains have been reported elsewhere 
(6). 

All blood samples were obtained be- 
tween 2 and 3 p.m. from the tails of mice 
60 to 90 days old, except in the second 
backcross to the large mice. In this case, 
the samples were taken from mice of 1.0 
to 1.5 years of age. Before the blood 
was taken, the mice were placed in a 
battery jar and heated for approximately 
10 min under a 100-watt light. Each tail 
was washed with soap and warm water, 
and a prominent tail vein was incised to 
obtain blood for the white blood counts. 
The enumeration of white blood cells 
was carried out in duplicate in the con- 
ventional manner. 

Duplicate blood smears were also pre- 
pared. They were fixed in absolute 
methyl alcohol and stained with Wright’s 
and Giesma stains. The differential 
counts were performed by recording the 
cells in both longitudinal sides and diag- 
onal cross of each slide. In most cases, 
100 cells were counted in a slide. Degen- 
erated cells were not counted. 

The mean counts of leukocytes, agran- 
ulocytes, and granulocytes in each group 
of mice are given in Table 1. They were 
computed by pooling the counts in each 
group, since no significant difference be- 
tween sexes was found. The total white- 
blood-cell counts averaged 8380 in the 
large strain and 2320 in the smali strain. 
In other common inbred lines of mice 
(7), such low counts as were found in 
the small strain, have not been reported. 
Although the mean counts of both the 
agranulocytes and the granulocytes were 
low, the reduction in the latter was more 
severe than it was in the former type. 

The total and differential counts of 
the F, and F, generations are closer to 
those found in the large strain than in 


Table 1. Mean total counts of leukocytes, agranulocytes, and granulocytes in each geno- 
typic group of mice. Genotypes: S, small strain; L, large strain; Bis, Bos, and Bss are the 
first, second, and third backcrosses to the small strain; Eat, Bur, and Bs. are the first, 
second, and ‘third backcrosses to the large strain. 


Total number 


of leukocytes 


Agranulo- Granulo- 
Genotype of (No. X 10°) cytes cytes 
(No. x 10*) (No. x 10*) 
Mean 
Ss 80 2.32 1.09 2.04 0.28 
L 39 8.38 2.38 6.75 1.63 
32 1.36 5.58 1.55 
F, 30 6.20 1.92 4.92 1.28 
Bis 17 5:71 1.93 4.52 1.19 
Bos 20 2.42 0.97 2.21 0.21 
Bas 17 1.89 0.61 1.65 0.24 
Buz 19 6.48 1.88 4.52 1.96 
Bat 27 5.93 1.87 
Bat 27 6.97 2.20 5.79 1.18 
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the small strain. With the advance of 
backcrossing, the counts of the back- 
crosses to the small were shown to be 
approaching in magnitude those of the 
small strain, and the counts of the back- 
crosses to the large were shown to be 
approaching those of the large strain. 
But the rate of approach in the former 
groups was higher than that in the latter 
groups. Although the mean count in the 
B,s appears to be even lower than that 
of its parental strain, the difference is 
probably not significant. Insofar as leu- 
kopenia in the small mice is concerned, 
the present evidence indicates that it is 
an inherited character and possibly de- 
termined by a small number of genetic 
factors. 

It can be seen from the magnitudes of 
the standard deviations of the non-segre- 
gating groups that the variation of leuko- 
cyte counts seems to depend upon the 
mean count. However, as both environ- 
mental effects and technical errors tend 
to contribute greatly to the over-all 
variation in such a physiological trait, a 
more detailed determination of the rela- 
tionship between the mean and distribu- 
tion will require larger samples than we 
have used in the present case. Conse- 
quently, partitioning of the variances 
(o?) presently obtained into their dif- 
ferent genetic and environmental com- 
ponents would not be valid. Neverthe- 
less, since the means of the F, and F, 
are quite similar, their variances may be 
used to estimate roughly the relative 
magnitudes of effects of the genotype 
and environment. Assuming that the 
variance in the F, is an estimate of the 
environmental variation and that the 
variance in the F, is environmental 
variation confounded with genetic, the 
genetic contribution to the variation in 
the F, generation can be estimated by 
the formula 


In the present case, this estimate is ap- 
proximately ¥/2. 


C. K. Cuat 
Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 
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The Enjoyment of Mathematics. Selec- 
tions from mathematics for the ama- 
teur. Hans Rademacher and Otto 
Toeplitz. Princeton University Press, 
Princeton, N.J., 1957. 204 pp. Illus. 
$4.50. 


This is an excellent and welcome 
translation of the well-known V-on Zah- 
len und Figuren, the second edition of 
which was published in 1933. The Eng- 
lish title is very appropriate, for the 
book is indeed a thoroughly enjoyable 
sampler of fascinating mathematical 
problems and their solutions. Moreover, 
the translator, Herbert Zuckerman, has 
added two new chapters which, as Hans 
Rademacher notes, “faithfully reflect 
the spirit in which this book was writ- 
ten.” 

The authors planned their volume 
with the hope of extending delight in 
mathematics beyond the limited circle 
of those who possess a marked talent 
for it. They aimed at acquainting their 
readers with typical methods of pro- 
posing and solving problems that are 
of inherent mathematical interest. They 
have therefore deliberately avoided 
mention of the uses of mathematics in 
science and technology, as well as dis- 
cussion of the logical and philosophical 
foundations of the subject. The exam- 
ples are taken from several branches of 
mathematics, including elementary 
number theory, geometry, topology, an- 
alysis, and set theory. Although some 
of the topics that are discussed will 
doubtless be familiar to many readers, 
a number of them (such as Waring’s 
problem, periodic decimals, or the span- 
ning circle for sets of points) are not 
easily available elsewhere in a form suit- 
able for laymen. Each of the 28 chap- 
ters, with the exception of the last, is 
self-contained, assumes no_ previous 
knowledge of the subject, and develops 
solutions for the question discussed in 
a way that makes clear the essential 
simplicity of the reasoning and the strat- 
egy of the argument. The book certainly 
achieves what the authors sought to ac- 
complish. 

In one of the two chapters that were 
added by Zuckerman, Cauchy’s proof 
that the geometric mean is never greater 
than the arithmetie mean is presented. 


Book Reviews 


The second of these chapters extends a 
proof given by Bonse (which was ex- 
pounded in the original version of the 
book) for the Chebyshév inequality that 
when n= 4, the (n+1)th prime is less 
than the square root of the product of 
the first n primes. The stronger result is 
established that when n is sufficiently 
large, the (n+1)th prime is less than the 
seventh root of the product of the first 
n primes. As Zuckerman remarks, the 
proof uses only the simplest arithmetical 
ideas but nevertheless “shows clearly 
how ingenious and how difficult mathe- 
matics can be... . If this last chapter 
seems to require a difficult chain of 
thought, if it shows how mathematics 
can build a real and meaningful struc- 
ture on such a small foundation, then it 
probably exhibits most clearly the real 
motive of this book.” In my judgment, 
the qualification “probably” is unnec- 
essary. 

Ernest NAGEL 
Columbia University 


Malaria. Eradication, insecticide resist- 
ance, entomological investigations, 
epidemiology, control, and prophy- 
laxis. Bulletin of the World Health 
Organization, vol. 15 (No. 3-5), pp. 
361-862. World Health Organization, 
Geneva, 1956. $6. 


The successful eradication of malaria 
from large areas of the world in which 
it was previously the cause of great mor- 
bidity and mortality has led to a change 
in strategy in the control of this disease 
in recent years. The introduction of re- 
sidual insecticides has been very largely 
responsible for success in the instances 
in which eradication has been effected. 
The rather widespread development of 
resistance to these sprays on the part of 
insects, particularly house flies, has, 
however, alerted malariologists to the 
possibility that Anopheles mosquitoes 
might also develop such resistance. There 
are now reports that two species of 
Anopheles in widely separated areas have 
developed resistance to DDT, that two 
other species have become resistant to 
dieldrin and related insecticides, and 


that still another species has been found 


to be resistant to both of these groups of 
insecticides. It is now apparent that if 
eradication of malaria is to be accom- 
plished through reduction in the num- 
bers of malaria-carrying mosquitoes, the 
race must be won before sufficient insec- 
ticide resistance has developed among 
these mosquitoes to nullify these efforts. 
The new policy that was adopted by the 
eighth World Health Assembly has 
shifted from that of control to one of 
eradication of the disease. 

This bulletin is devoted in large part 
to this goal. It consists of 25 articles and 
16 shorter notes, contributed by more 
than 40 authors. G. MacDonald discusses 
the theory of eradication of malaria in 
which natural disappearance of the dis- 
ease is related to deliberate elimination, 
and an analysis is made of the factors 
that affect basic reproduction rates in 
epidemics arising from small origins, 
duration of infectivity of primary ma- 
larial cases, density of mosquitoes as re- 
lated to man, and longevity of the vectors 
and their degree of anthropophilism. He 
gives a simplified method for expressing 
such an analysis mathematically. 

Three articles are devoted to insecti- 
cide resistance among malarial vectors; 
these include descriptions of the actual 
measurement of resistance in the field 
and a discussion of the rationale of its 
prevention. In the first of these, Busvine 
discusses the manner in which resistance 
may be detected and measured and spec- 
ulates on the way in which it arises, the 
possibility of preventing or overcoming 
it, and its importance in the past, the 
present, and the future. In his discussion 
of the possible advantage of using two 
insecticides simultaneously, he dismisses 
the possibility that this practice may be 
advantageous in cases where suscepti- 
bility to the two insecticides is positively 
correlated or quite independent but ad- 
mits its advantage in cases where the 
susceptibility to one compound is the re- 
verse of susceptibility to another. It ap- 
pears unfortunate to me that no refer- 
ences are given to the work on which his 
conclusions are based. 

In the second article that deals with 
insecticide resistance, Livadas and Thy- 
makis report their investigations on the 
susceptibility to DDT of anophelines in 
different localities. Although they found 
considerable difference in susceptibility 
in the mosquitoes of the areas tested, 
they found, in general, that anophelines 
in Greece were increasing in their resist- 
ance to DDT. 

Belios and Femeliaris, in the third 
paper on resistance, report the results of 
tests to determine the susceptibility of 
Anopheles sacharovi larvae to DDT, 
chlordane, and dieldrin on the coastal 
plain of Astros, Peloponnesos, where 
these insecticides had been used as resid- 
ual sprays and for larviciding by air for 
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more than 10 years. They found that 
larvae had developed some degree of re- 
sistance to chlordane and dieldrin but 
not to DDT, although DDT had been 
more commonly used than the other two. 
Other papers are devoted to cytoge- 
netics, behavior, and control of Anoph- 
eles, to malariometry, to epidemiology, 
to suppression and prophylaxis by drugs, 
and to a wide variety of topics related 
either directly or indirectly to the chief 
goal, the eradication of malaria. They 
represent, for the most part, papers that 
were prepared for the second African 
Malaria Conference, held in Lagos in 
November 1955, for the Inter-regional 
Conference on Malaria for Eastern 
Mediterranean and European Regions, 
and for the sixth session of the World 
Health Organization Expert Committee 
on Malaria. 
C. G. Hurr 
Naval Medical Research Institute 


A Guide to the Literature of Chemistry. 
E, J. Crane, Austin M. Patterson, and 
Eleanor B. Marr. Wiley, New York; 
Chapman & Hall, London, ed. 2, 
1957. xv + 397 pp. $9.50. 


Eleanor B. Marr, the principal author 
of this edition, states in her preface, 
“The first edition of A Guide to the Lit- 
erature of Chemistry was the first com- 
prehensive book to appear in its field.” 
This was in 1927, and, 30 years later, 
by virtue of this second edition and of 
the absence of any comparable guide- 
book in this discipline, the Guide is still 
the most comprehensive book in its field. 
The vital role played by the literature in 
the development of chemistry and the 
dire need for signposts to guide the re- 
search worker through the ever-expand- 
ing maze of chemical literature make 
this Guide a “must” for the science ref- 
erence collections of library, laboratory, 
and home. It is also intended to be used 
as a textbook, and as such it should find 
wide acclaim in those universities that 
offer courses not only in chemical litera- 
ture but also in documentation and li- 
brary science. The textbook features in- 
clude discussions of basic principles and 
topics, emphasis on how to use each 
form of chemical literature, and an in- 
troduction to the art of literature search- 
ing (chapter 10 rather than chapter 8, as 
is indicated in the preface). 

The organization of the first edition 
has been retained for the most part, but 
the entire book. was rewritten, material 
was updated, and two chapters were 
added, one on trade literature and the 
other on Government publications. The 
principal chapters are entitled “Books,” 
“Periodicals,” ‘Patents,’ “Government 
publications,” “Trade literaturé,” “Other 
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sources” (biographies, bibliographies, 
lectures, motion pictures, reviews, scien- 


. tific meetings, theses, unpublished mate- 


rials), and “Indexes.” In each of these 
chapters the chief sources are described, 
analyzed, and classified. Books and cur- 
rent journals are classified by subjects 
or fields (in accordance with the Chem- 
ical Abstracts classification of abstracts), 
and the journals, secondarily, by coun- 
try. Abstract journals are classified sepa- 
rately. An 11-page chapter entitled 
“Libraries” furnishes a glimpse into the 
nature of the collections and services of 
the various types of libraries and out- 
lines the principal classification systems 
used. 

The seven appendixes contain listings 
of literature related to chemical litera- 
ture; symbols, abbreviations, and stand- 
ards used in chemical literature; libraries 
(U.S. and Canadian with notations indi- 
cating the extent of chemical collections 
and of the services provided) ; periodical 
bibliographies; scientific and technical 
organizations; periodicals of chemical in- 
terest (although the list contains only 
periodicals that were discontinued be- 
fore 1910); dealers and publishers. One 
might suggest that some of these appen- 
dixes, especially 1, 3, and 5, could serve 
a better purpose by being integrated 
within the text under their related topics. 

One may hupe that publication of the 
third edition of the Guide will not await 
the passage of another 30 years, for the 
saturation point in chemical literature 
output is not yet in sight. E. J. Crane, 
in anticipation of a third edition, states 
in his foreword to the Guide that this 
“will be completely Miss Marr’s. . . 
The book is moving into good hands.” 

M. GottrscHALK 
Library of Congress 


An Introduction to Electrostatic Precipi- 
tation in Theory and Practice. H. E. 
Rose and A. J. Wood. Constable, 
London, 1956 (order from Essential 
Books, Fair Lawn, N.J.). 166 pp. 
Illus. $2.80. 


In this monograph H. E. Rose and A. 
J. Wood have covered the present state 
of the precipitation “art,” both from a 
theoretical and practical point of view. 
Equipment is described, electrical the- 
ory is developed, practice and theory 
are compared, and the many problems 
of design calculation are reviewed. The 
authors have generally discussed and 
correlated the important literature in 
the field and have evaluated it in an 
unbiased manner. Where opinions could 
be. expressed, they have added their 
own, with the careful judgment of those 
who write in a field with which they are 
well acquainted. 


This work fills a gap that has long 
existed. Anyone who is working in this 
or in a related field will find the book 
easy to read, well prepared, and stimu- 
lating. 

Emery P. MILLER 
Ransburg Electro-Coating Corporation, 
Indianapolis, Indiana 


Precision Electrical Measurements. Pro- 
ceedings of an international sympo- 
sium on precision electrical measure- 
ments, National Physical Laboratory, 
17-20 November 1954. Philosophi- 
cal Library, New York, 1956. 26 
papers. $12. 


This volume contains the proceedings 
of the international symposium on Pre- 
cision Electrical Measurements, which 
was held at the National Physical Labo- 
ratory, Teddington, England, in Novem- 
ber 1954. The majority of the 26 papers 
presented are the work of staff members 
of the National Physical Laboratory, the 
National Bureau of Standards, and their 
counterparts in other countries. These 
laboratories were created largely to un- 
dertake precision measurements and to 
develop techniques for such measure- 
ments. This symposium testifies to the 
vigor with which these objectives are 
being pursued. But progress is necessarily 
uneven, and so we have the curious spec- 
tacle of a paper on the use of nuclear 
magnetic resonance—a very precise tool 
—in the measurement of magnetic fields 
side by side with a discussion of the use 
of sphere gaps—not very precise tools— 
in the measurement of high voltages. 

The papers are divided into five sec- 
tions. A summarized version of the dis- 
cussion ends each section. Five papers 
in the section on “Capacitance and di- 
electrics” cover measurements of solids, 
liquids, and gases over a wide frequency 
range. “Inductance and magnetics” in- 
cludes six papers on the measurement of 
magnetic properties at both low and high 
frequencies. “Electrotechnics” is con- 
cerned largely with the measurement of 
power. “High-voltage measurements” in- 
cludes papers on measurement of direct, 
alternating, and impulse voltages. The 
last section, “High-voltage impulse test- 
ing techniques,” devotes three of its six 
papers to the problem of breakdown in 
transformers. 

The subject matter of the symposium 
is of direct interest to the electrical in- 
dustry. Those members of the industry 
who are concerned with making electri- 
cal measurements will find here a clear 
exposition of techniques employed at the 
national laboratories and at industrial 
laboratories throughout the world. The 
authors make full use of circuit dia- 
grams, graphs, and photographs in de- 
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scribing their methods and results and 
give references to the pertinent literature 
in the field. The vigorous discussions add 
notably to the subject matter. Altogether, 
this volume should furnish a welcome 
guide to the current status of precision 
electrical measurements. 

Amos NorMANn 
University of California Medical 
Center, Los Angeles 


. 


The Horse-Flies (Diptera: Tabanidae) 
of the Ethiopian Region. vol. III. Sub- 
families: Chrysopinae, Scepsidinae, 
and Pangoniinae and a revised classi- 
fication. H. Oldroyd. British Museum 
(Natural History), London, 1957. 489 
pp. Illus. + plates. £4 10s. 


This is the final and largest volume 
of this splendid series. The revised clas- 
sification is based largely on the recent 
work of Mackerras in Australia, in 
which the anatomy of the male and 
female genitalia has been used very 
effectively. There are valuable chapters 
on morphology, feeding of adult flies, 
relationships of species of the genus 
Chrysops to the filarial disease loasis, 
geographical distribution, and phylog- 
eny. The greatest part of the volume is 
devoted to the systematic treatment of 
the 228 species in 12 genera, with keys, 
descriptions, and excellent figures. A 
final section presents additions and cor- 
rections to the first two volumes. 

It is unfortunate that this work, so 
excellent from a zoological standpoint, 
should be marred by a frank unwilling- 
ness to follow the International Rules 
of Zoological Nomenclature. It is true 
that establishing the correct names 
under the rules is often irksome and 
time consuming, but failure to do so 
causes far greater annoyance in the long 
run. The problems are not insoluble, 
but they become more difficult when 
those who should be interested in no- 
menclatorial stability pin their faith on 
haphazard usage that will never lead 
to such stability if it is at variance with 
the rules. Unwillingness to change well- 
established names is understandable, 
but it is difficult to see what is gained 
by not following simple, unambiguous 
rules such as the use of parentheses 
around authors’ names when there has 
been a generic transfer, or making an ad- 
jectival specific name conform in gender 
with the associated generic name. 

This volume and the two preceding 
ones greatly increase our knowledge of 
the Ethiopian horsefly fauna and pro- 
vide much valuable information on the 
zoogeography and phylogeny of the 
family. 

ALAN STONE 
U.S. Department of Agriculture 
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New Books 


A History of Luminescence from the 
Earliest Times until 1900. Memoir, vol. 
44, E. Newton Harvey. American Philo- 
sophical Society, Philadelphia, 1957. 705 
pp. $6. 

Annual Review of Plant Physiology. 
vol. 8. A. S. Crafts, Leonard Machlis, 
John G. Torrey. Annual Reviews, Palo 
Alto, Calif., 1957. 477 pp. $7. 

Veterinary Guide for Farmers. G. W. 
Stamm. Dalls S. Burch, Ed. Windsor, Chi- 
cago, IIl., ed. 3, 1957. 384 pp. $3.95. 

Applied Probability. vol. VII of Pro- 
ceedings of Symposia in Applied Mathe- 
matics, McGraw-Hill (for American 
Mathematical Society), New York, 1957. 
109 pp. $5. 

The Amateur Astronomer. Patrick 
Moore. Norton, New York, 1957. 351 pp. 
$4.50. 

Chimica Generale e Inorganica. Giu- 
seppe Bruni. Libreria Editrice Politecnica 
Tamburini, Milan, Italy, ed. 10, 1957. 
790 pp. 

A Theory of the Consumption Function. 
National Bureau of Economic Research, 
No. 63, General Series. Milton Friedman. 
Princeton University Press, Princeton, 
N.J., 1957. 259 pp. $4.75. 

Technical Descriptive Geometry. B. 
Leighton Wellman. McGraw-Hill, New 
York, 1957. 640 pp. $5.75. 

Quality Control and Statistical Meth- 
ods. Edward M. Schrock. Reinhold, New 
York; Chapman & Hall, London, ed. 2, 
1957. 259 pp. $6.75. 

The Theory of Lie Derivatives and Its 
Applications. Bibliotheca Mathematica, 
vol. III. Kentaro Yano. North-Holland, 
Amsterdam; Noordhoff, Groningen; In- 
terscience, New York, 1957. 309 pp. 
$8.75. 

High-Speed Small Craft. Peter Du 
Cane. Philosophical Library, New York, 
ed. 2, 1957. 336 pp. $15. 

William Harvey. His life and times, his 
discoveries, his methods. Louis Chauvois. 
Philosophical Library, New York, 1957. 
271 pp. $7.50. 

Genetics. Edgar Altenburg. Holt, New 
York, rev. ed., 1957. 511 pp. $6.50. 

Plant and Process Dynamic Character- 
istics. Proceedings of a conference held at 
Cambridge 4-6 April 1956 by the Society 
of Instrument Technology. Academic 
Press; New York; Butterworths, London, 
1957. 258 pp. $8.80. 

The Person in Psychology. Reality or 
Abstraction. Paul LaFitte. Philosophical 
Library, New York, 1957. 243 pp. $6. 

A Visit to the Hospital. Francine Chase. 
Grosset & Dunlap, New York, 1957. 68 


pp. 

Health and Medical Care in New York 
City. A report by the Committee for the 
Special Research Project in the Health 
Insurance Plan of Greater New York. 
Harvard University Press (for the Com- 
monwealth Fund), Cambridge, Mass., 
1957. 284 pp. $7.50. 

Glossary of Geology and Related Sci- 
ences. J. V. Howell, Coordinating Chair- 
man. American Geological Institute, 2101 
Constitution Ave., NW, Washington, D.C., 
1957. 335 pp. $6. 


Quantum Mechanics. H. A. Kramers. 
Translated by D. ter Haar. North-Hol- 
land, Amsterdam; Interscience, New York, 
1957 (5 chapters of pt. 1 published sepa- 
rately as The Foundations of Quantum 
Theory). 512 pp. $12.50. 

The Aleut Dentition. A correlative 
study of dental characteristics in an Eski- 
moid people. Coenraad F. A. Moorrees. 
Harvard University Press, Cambridge, 
Mass., 1957. 206 pp. $4.50. 

Vector Spaces and Matrices. Robert M. 
Thrall and Leonard Tornheim. Wiley, 
New York; Chapman & Hall, London, 
1957. 330 pp. $6.75. 

Elementary Theory of Angular Mo- 
mentum. M. E. Rose. Wiley, New York; 
Chapman & Hall, London, 1957. 258 pp. 
$10. 

Chemistry of the Covalent Bond. Leal- 
lyn B. Clapp. Freeman, San Francisco, 
1957. 698 pp. $7.50. 

Limited War: the Challenge to Ameri- 
can Strategy. Robert E. Osgood. Univer- 
sity of Chicago Press, Chicago, 1957. 326 
pp. $5. 

Modern Applied Photography. G. A. 
Jones. Philosophical Library, New York, 
1957. 168 pp. $4.75. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 

Viruses in Search of Disease. Annals, 
vol. 67, art. 8. Robert J. Huebner, Ed. 
238 pp. $5. Unstable Chemical Species: 
Free Radicals, Ions, and Excited Mole- 
cules. Annals, vol. 67, art. 9. Henry C. 
Thacher, Jr. Consulting Ed. 224 pp. $4. 
Meprobamate and Other Agents Used in 
Mental Disturbances. Annals, vol. 67, art. 
10. Frank M. Berger, Consulting Ed. 224 
pp. $4. Man-Made Fiber Progress. Annals, 
vol. 67, art. 11. J. J. Press, Consulting Ed. 
86 pp. $3. New York Academy of Sci- 
ences, New York, 1957. 

Financial Accounting for Local and 
State School Systems. Standard receipt 
and expenditure accounts. State Educa- 
tional Records and Reports Series, Hand- 
book 11. Bull. 1957, No. 4. Compiled by 
Paul L. Reason and Alpheus L. White. 
$1. Engineering Enrollments and Degrees, 
1956. Circular No. 494. Sidney J. Armore 
and Henry H. Armsby. 45 pp. $0.40. 
School District Reorganization Policies 
and Procedures. Special Series No. 5. C. 
O. Fitzwater, 321 pp. $1.75. Office of 
Education, Washington, 1957 (order from 
Supt. of Documents, GPO, Washington 
25). 

A Directory of Medical and Biological 
Research Institutes of the USSR. Pre- 
liminary edition. 38 pp. Medical Research 
in the Soviet Union. Recent reports from 
Western sources. A selected and annotated 
list of references. Compiled by Elizabeth 
Koenig. 24 pp. National Institutes of 
Health, Washington 25, 1957. 

The Industrial Chemistry, Properties, 
and Application of Silicones. Edgar Mar- 
burg lecture, 1956. Charles E. Reed. 
American Society for Testing Materials, 
Philadelphia, 1957. 47 pp. 
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Meetings and Societies 


Hotel Headquarters and Housing, 
AAAS Meeting 


The preliminary announcement of the 
fourth Indianapolis meeting, 26-30 Dec., 
of the American Association for the Ad- 
vancement of Science [Science 125, 1047 
(1957)], although it named the Claypool 
as AAAS headquarters hotel, the Marott 
as headquarters for the American Astro- 
nomical Society, and the Antlers as head- 
quarters for the science teaching societies, 
was principally concerned with the pro- 
grams of the 1957 meeting—as planned 
by all 18 AAAS sections and by some 66 
participating societies. A list of the head- 
quarters for each section and _partici- 
pating organization is appended, since 
it is an obvious convenience for each 
person attending the meeting to have 
this information before he applies for 
room reservations. 

The center of the meeting will be the 
Murat Temple and here will be located 
the AAAS Main Registration-Informa- 
tion Center, the Visible Directory of 
Registrants, the AAAS Office, the AAAS 
Science Theatre, and the Annual Ex- 
position of Science and Industry. The 
Murat Temple is within walking dis- 
tance of all downtown hotels but there 
will also be special AAAS buses that will 
operate at frequent intervals between the 
hotels and the temple. 

The Claypool’s large ballroom will be 
the site of the AAAS-sponsored general 
symposium, Moving Frontiers of Science, 
the evening of 26 Dec., but the second 
session of the general symposium will 
be in the Murat Theatre the following 
afternoon. The AAAS Smoker for all 
registrants, the evening of 29 Dec., will 
also be in the Murat Temple. 


Housing 


Beginning with this issue, the adver- 
tising section of Science will carry, at 
frequent intervals, page announcements 
of hotel sleeping accommodations and 
their current rate schedules, together 
with a coupon which should be filled 
out and sent, not to any hotel directly, 
but to the AAAS Housing Bureau in In- 
dianapolis. (Members of the American 
Astronomical Society, however, are asked 
to reserve their rooms in the Marott 
Hotel, 2625 N. Meridian St., by direct 
correspondence. ) 
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All applications for hotel rooms will 
be filled in the order of their receipt. 
Those who apply early are assured of 
the hotel of their first choice if the stated 
desired and maximum rates are within 
the limits of the printed rate schedules. 
In Indianapolis, which is accustomed to 
accommodating the large attendance at 
the automobile races, there is an ade- 
quate supply of rooms at a wide range 
of rates. It would be well to consider, 
however, that, as in any city, the supply 
of single rooms at minimum rates is rela- 
tively limited and that higher priced 
single rooms and double rooms for single 
occupancy are more plentiful. Thus, it 
is suggested that the maximum rate, 
which you do not wish to exceed, and 
your desired rate both be stated on your 
coupon. Room expenses usually can be 
reduced substantially if rooms are shared 
by two persons or if suites are shared by 
three or more persons. Also, upon re- 
quest, most hotels will place comfort- 
able rollaway beds in rooms or suites at 
$2.50 to $3 per night. 


Registration 

Both the technical, or program, ses- 
sions and the special sessions are open to 
all interested persons. Although registra- 
tion for these is not mandatory, it is ex- 
pected that all who attend will wish to 
pay the AAAS registration fee of $3 and 
thus contribute a proportionate share of 
the heavy expenses of the meeting. 

Each registrant receives the book-size 
General Program-Directory (a valuable 
reference on all AAAS activities), con- 
vention literature, listing in the Visible 
Directory of Registrants, and a Conven- 
tion Badge, which insures all privileges 
of the meeting. The badge is required for 
admission to the large-scale exhibits, the 
AAAS Science Theatre, the presidential 
address and reception, and the AAAS 
Smoker; refreshments are served at the 
last two events. 

Advance registration has some decided 
advantages: delay at the registration 
desks upon arrival is eliminated; the 
General Program-Directory, which is 
sent by first-class mail early in Decem- 
ber, enables one, at leisure, to determine 
which events and sessions he particularly 
does not wish to overlook; and one’s 
name is posted in the Visible Directory 
of Registrants as the meeting opens 


(hotel room can be added later by the 
registrant himself). 

An announcement on advance registra- 
tion and a coupon for this will also be 
found in the advertising section of this 
issue and at intervals hereafter. 


Hotels 


Note: Societies are grouped in the 
same sequence of disciplines as the letters. 
of the AAAS sections. 

Claypool (600 rooms), Washington 
and Illinois Sts: AAAS; Press; AAAS 
Sections F—Zoological Sciences, G—Bo- 
tanical Sciences, M-Engineering, and 
N-Medical Sciences; American Society 
of Zoologists, Society of Systematic Zool- 
ogy; American Society of Naturalists, 
Beta Beta Beta Honorary Biologica’ So- 
ciety, Biometric Society, Eastern North 
American Region, Ecological Society of 
America, Genetics Society of America, 
Society of General Physiologists; Ameri- 
can Society of Plant Physiologists, Botan- 
ical Society of America; Engineering 
Manpower Commission; Alpha Epsilon 
Delta, American Association of Hospital 
Consultants, American Medical Associa- 
tion Committee on Cosmetics, American 
Physiological Society, American Psychi- 
atric Association, Society for Investiga- 
tive Dermatology; National Association 
of Science Writers, Scientific Research 
Society of America, Sigma Delta Epsi- 
lon, Society of the Sigma Xi, United 
Chapters of Phi Beta Kappa. 

Sheraton-Lincoln (400 rooms), 117 
W. Washington St.: AAAS Sections 
H-Anthropology, I-Psychology, K-So- 
cial and Economic Sciences, and P—In- 
dustrial Science; American Economic 
Association, American Political Science 
Association, American Sociological So- 
ciety, American Statistical Association, 
Metric Association, National Academy 
of Economics and Political Science, Pi 
Gamma Mu, Society for the Advance- 
ment of Criminology; American Indus- 
trial Hygiene Association; Conference on 
Scientific Manpower, National Academy 
of Sciences—National Research Council, 
National Science Foundation, Scientific 
Manpower Commission. 

Antlers (200 rooms), 750 N. Meridian 
St.: National Association of Biology 
Teachers; Society for Research in Child 
Development; National Association for 
Research in Science Teaching, National 
Science Teachers Association; American 
Nature Study Society, National Founda- 
tion for Junior Museums. 

Continental (300 rooms), 401 N. 
Meridian St.: AAAS Sections A-Mathe- 
matics, B—Physics, and E-Geology and 
Geography; Association for Computing 
Machinery, National Council of Teach- 
ers of Mathematics; American Me- 
teorological Society, Sigma Pi Sigma; 
Association of American Geographers, 
Geological Society of America, National 
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Geographic Society, National Speleo- 
logical Society; AAAS Cooperative Com- 
mittee on the Teaching of Science and 


Mathematics; American 
Union. 

Severin (400 rooms), 201 S. Illinois 
St.: AAAS Sections C-—Chemistry, Nd- 
Dentisty, Np—Pharmacy, and Q-—Educa- 
tion; Alpha Chi Sigma, American 
Chemical Society; American College of 
Dentists, American Dental Association, 
International Association for Dental Re- 
search; American Association of Colleges 
of Pharmacy, American College of 
Apothecaries, American Pharmaceutical 
Association, Scientific Section, American 
Society of Hospital Pharmacists; Amer- 
ican Educational Research Association, 
International Council for Exceptional 
Children, National Association for Gifted 
Children; Academy Conference. 

Warren (250 rooms), 123 S. Illinois 
St.: AAAS Section L-History and Phi- 
losophy of Science, Philosophy of Sci- 
ence Association, Society for General 
Systems Research. 

Washington (300 rooms), 34 E. Wash- 
ington St.: AAAS Section O-Agricul- 
ture; Association of Technical Writers 
and Editors, Conference on Scientific 
Editorial Problems. 

Marott (250 rooms), 2625 N. Merid- 
ian St.: AAAS Section D-Astronomy, 
American Astronomical Society, Astro- 
nomical League. 


Geophysical 


Society Elections 


=American Neurological Association: 
pres., Israel S. Wechsler, New York, 
N.Y.; pres.-elect, Bernard J. Alpers; 1st 
v. pres., Russell NY DeJong, Ann Arbor, 
Mich.; 2nd v. pres., Bronson S. Ray; 
sec.-treas., Charles Rupp, 133 South 36th 
St., Philadelphia 4, Pa.; ass’t sec., Wil- 
liam F. Caveness. 


®American Society of Plant Physiolo- 
gists: pres., David R. Goddard, Univer- 
sity of Pennsylvania; v. pres., Arthur W. 
Galston, Yale University, New Haven, 
Conn.; sec., Walter D. Bonner, Jr., Cor- 
nell University, Ithaca, N.Y. 


® American Alpine Club: pres., John C. 
Oberlin; v. pres, Robert H. Bates, 
Stephen H. Hart, David R. Brower; sec., 
Lawrence G. Coveney, 113 East 90th 
St., New York 28, N.Y.; treas., Carlton 
P. Fuller. 


= American Industrial Hygiene Associa- 
tion: pres., Charles R. Williams, Liberty 
Mutual Insurance Company, Boston, 
Mass.; pres.-elect, Kenneth W. Nelson, 
American Smelting and Refining Com- 
pany, Salt Lake City, Utah; past pres., 
Lester V. Cralley, Aluminum Company 
of America, Pittsburgh, Pa.; sec., William 
G. Frederick, Detroit Department of 


_ Health, 8921 John Lodge Expressway, 


Detroit 2, Mich.; treas., Joesph. T. Treon, 
Kettering Laboratory, Cincinnati, Ohio; 
exec. sec., George D. Clayton, 14125 
Prevost, Detroit 27, Mich. The represen- 
tative to the AAAS is William F. Rein- 
dollar, Division of Industrial Hygiene 
and Air Pollution, Maryland State De- 
partment of Health, Baltimore, Md. 


American Association of Clinical 
Chemists: pres., Joseph I. Routh, Uni- 
versity Hospitals, Iowa City, Ia.; v. pres., 
Oliver H. Gaebler, Henry Ford Hospital, 
Detroit, Mich.; national sec., Max M. 
Friedman, Lebanon Hospital, New York 
57, N.Y.; national treas., Louis B. Dotti, 
St. Luke’s Hospital, New York, N.Y. 


Forthcoming Events 


August 


19-21. National Council of Teachers of 
Mathematics, Northfield, Minn. (M. H. 
Ahrendt, NCTM, 1201 16 St, NW, 
Washington 6.) 

19-22, American Veterinary Medical 
Assoc., annual, Cleveland, Ohio. (J. G. 
Hardenbergh, AVMA, 600 S. Michigan 
Ave., Chicago 5, Ill.) 

19-23. Clay Conf., 6th natl., Berkeley, 
Calif. (Dept. of Conferences and Special 
Activities, Univ. of California Extension, 
Berkeley 4.) 

19-23. Clinical Chemistry, 2nd inter- 
national European cong., Stockholm, 
Sweden. (K. Agner, Box 12024, Stock- 
holm 12.) 

19-23. Plant Science Seminar, 34th an- 
nual. Montreal, Quebec, Canada. (F. L. 
Mercer, St. Louis College of Pharmacy, 
St. Louis 10, Mo.) 

19-24. Finite Groups, internatl. col- 
loquium, Tiibingen, Germany. (H. Wiel- 
andt, Faculty of Mathematics and Natural 
Science, Eberhard-Karls-Universitat, Tii- 
bingen. ) 

19-24, High Energy Physics Symp., 
Oak Ridge, Tenn. (University Relations 
Div., Oak Ridge Inst. of Nuclear Studies, 
P.O. Box 117, Oak Ridge.) 

19-24. New England Assoc. of Chem- 
istry Teachers, 19th summer conf., Water- 
ville, Maine. (Rev. J. A. Martus, College 
of the Holy Cross, Worcester 10, Mass.) 

19-24, Origin of Life, internail. symp., 
Moscow, U.S.S.R. (G. A. Deborin, Inst. 
of Biochemistry, U.S.S.R. Acad. of Sci- 
ences, B. Kaluzskaya 33, Moscow, B.71.) 

20-22. Liquid Scintillation Counting 
Conf., Evanston, Ill. (C. G. Bell, Jr. 
Technological Inst., Northwestern Univ., 
Evanston. ) 

20-23. Western Electronic Convention, 
annual, San Francisco, Calif. (D. B. 
Harris, Electron Tube Research, General 
Electric Microwave’ Lab., Palo Alto, 
Calif.) 

21-24. Pi Lambda Theta, New York, 
N.Y. (C. Johnson, Pi Lambda Theta, 307 
Portland Bldg., 1129 Vermont Ave., NW, 
Washington 5.) 

22-5. International Scientific Radio 
Union, 12th general assembly, Boulder, 
Colo. (K. A. Norton, Boulder Labora- 


tories, National Bur. 
Boulder. ) 

24-26. International Soc. for Biological 
Rhythm, 6th conf., Semmering, Austria. 
(A. Sollberger, Anatomical Department, 
Karolinska Institutet, Stockholm 60, 
Sweden. ) 

25-27. Pacific Division-AAAS, annual, 
in conjunction with American Inst. of 
Biological Sciences, Stanford, Calif. (R. 
C. Miller, California Academy of Sci- 
ences, Golden Gate Park, San Francisco, 
Calif. ) 

25-28. American Farm Economic As- 
soc., natl., Asheville, N.C. (L. S. Hardin, 
Dept. of Agricultural Economics, Purdue 
Univ., Lafayette, Ind.) 

25-29. American Institute of Biological 
Sciences, annual, Stanford, Calif. (H. T. 
Cox, AIBS, 2000 P St., NW, Washington 
6.) 


of Standards, 


The following 28 meetings are being 
held in conjunction with the AIBS meet- 
ing at Stanford, Calif. 

American Bryological Soc., annual. (W. 
C. Steere, Dept. of Biological Sciences, 
Stanford Univ.) 

American Fern Soc., annual. (I. L. 
Wiggins, Dept. of Biological Sciences, 
Stanford Univ.) 

American Microscopical Soc., annual. 
(G. M. Smith, Dept. of Biological Sci- 
ences, Stanford Univ. ) 

American Phytopathological Soc., an- 
nual (W. B. Hewitt, Dept. of Plant Pa- 
thology, Univ. of California, Davis). 26- 
28 Aug. only. 

American Soc. for Horticultural Sci- 
ence, annual. (H. P. Olmo, Dept. of Viti- 
culture, Univ. of California, Davis. ) 

American Soc. of Human Genetics. (E. 
J. Gardner, Dept. of Zoology, Utah State 
College, Logan.) 

American Soc. of Ichthyologists and 
Herpetologists. (W. C. Brown, Menlo Col- 
lege, Menlo Park, Calif.) 

American Soc. of Limnology and Ocean- 
ography. (D. E. Wohlschlag, Dept. of 
Biological Sciences, Stanford, Univ.) 

American Soc. of Naturalists, annual. 
(D. Perkins, Dept. of Biological Sciences, 
Stanford Univ.) 

American Soc. of Plant Physiologists, 
annual. (W. R. Briggs, Dept. of Biologi- 
cal Sciences, Stanford Univ. ) 

American Soc. of Plant Taxonomists, 
annual. (I. L. Wiggins, Dept. of Biologi- 
cal Sciences, Stanford Univ.) 

American Soc. of Zoologists, annual. (J. 
F. Oliphant, Dept. of Biological Sciences, 
Stanford Univ.) 

Biometric Soc., WNAR. (D. E. Wohl- 
schlag, Dept. of Biological Sciences, Stan- 
ford Univ.) 

Botanical Soc. of America, annual. (W. 
C. Steere, Dept. of Biological Sciences, 
Stanford Univ.) 

Ecological Soc. of America, annual. (I. 
L. Wiggins, Dept. of Biological Sciences, 
Stanford Univ.) 

Genetics Soc. of America, annual. (D. 
Perkins, Dept. of Biological Sciences, Stan- 
ford Univ.) 

Mycological Soc. of America, annual. 
(R. M. Page, Dept. of Biological Sciences, 
Stanford Univ.) 

National Assoc. of Biology Teachers. 
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Kymograph 


This is our standard large size kymograph, in which 
we have embodied many improvements suggested by Dr. 
Walton. It is substantially built and may be relied upon 
to give long service. 


The characteristics required in research or classroom 
demonstrations are featured in this kymograph. A com- 
bination of five gear shifts and a variable transformer 
Universal series motor makes available speed ranges of 
nine thousand to one. The approximate maximum speed 
is 400 cm. per minute and the minimum .045 per minute. 
Any speed within this range may be selected. 


The drum is made of laminated bakelite tubing and is 
64 cm. in circumference, 30.5 cm. high. 


A support arm for mounting instrument support rods 
is provided. This arm pivots on and may be raised and 


lowered along a column which is coaxial with the drum 
shaft. As many as four support arms may be mounted on 
this column. (One arm is normally included with each 
kymograph. ) 

Paper belt lengths up to approximately 275 cm. may 
be used. 


Price—The complete Kymograph as illustrated and de- 
scribed for 115 volts, 60 cycles A.C. .... $625.00 each 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 


6th & Byrd Streets - Richmond, Va. 


laboratories all over the world— 


Sigma’s New Colorimetric Procedure for 
SERUM GO- and GP- TRANSAMINASE 
operates at 480 to 530 mp 


ENTIRE PROCEDURE REQUIRES ONLY 4 SIMPLE STEPS! 
1. Add 0.2 ml serum to 1 ml Prepared Substrate at 37° or 40°C. 


2. After 60 minutes, add 1 ml Color Reagent (wait only 30 
minutes after determining SGP-T). 


3. After 20 minutes at room temperature, add 10 ml 0.4N NaOH. 
4, After 30 minutes more, read vs water at approximately 505 mu. 


MINIMUM KIT (100 Determinations) Stock No. 505—$13.50 
For SGP-T add substrate, Stock No. 505-51—$6.00 


Enthusiastically accepted by clinical & 


Sigma Enzyme Standard, Type II 
The first stabilized SGO-Transaminase and 
Lactic Dehydrogenase Standard. 

Check the accuracy of YOUR assays. 


Certainly the procedure of choice for 
SERUM PHOSPHATASE 


SIGMA 104 PHOSPHATASE SUBSTRATE 
(p-Nitropheny] Phosphate, Sigma Grade) 
100 DETERMINATIONS, Complete Kit, #104 —$10.80 
200 DETERMINATIONS, Complete Kit, # 104A—$13.00 
We will be pleased to supply a kit on trial 
subject to your approval. 


Ask for Bulletin # 104 


DOES NOT REQUIRE an ultraviolet spectrophot te 
or deproteinization with T.C.A., or centrifuging, or 
extraction with Toluene as in other published methods. 


DO NOT CONFUSE THIS PROCEDURE 
WITH OTHER COLORIMETRIC METHODS 
THAT ARE OF QUESTIONABLE ACCURACY 


SATISFACTION WITH THE SIGMA PROCEDURE 
IS ABSOLUTELY GUARANTEED. 


Write for our Bulletin #505 


NEW! TECHNICAL BULLETIN +500 
The Original Berger-Broida 
COLORIMETRIC PROCEDURE FOR 
SERUM LACTIC DEHYDROGENASE 


at approximately 500 mu. 


Catalog available on request offering the world’s most 
complete list of high purity nucleotides 
PHONE COLLECT: DAN BROIDA 


Cali Sigma for 
SIGMA 
Transaminase Missouri 
CHEMICAL COMPANY | 
Home: WY 3-6418 
3500 DeKalb STREET, ST. LOUIS 18, MO., U.S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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Calif.) 

Nature Conservancy, 
Drake, Canyon, Calif.) 

Phycological Soc. of America, annual. 
(G. F. Papenfuss, Dept. of Botany, Univ. 
of California, Berkeley 4.) 

Sigma Delta Epsilon. (Mrs. 
Parker, 7 Lloyd Rd., Malvern, Pa.) 

Society for Experimental Biology and 
Medicine, Pacific Coast Section. (J. P. 
Baumberger, Dept. of Physiology, Stan- 
ford Univ.) 

Society of General Physiologists. (D. 


annual. 


(W. 


(Miss E. Larson, Box 2841, Carmel, 


search Service, USDA, 800 Buchanan St., 
Albany 10, Calif.) 

Society for the Study of Evolution, an- 
nual. (R. W. Holm, Dept. of Biological 
Sciences, Stanford Univ.) 

Society of Protozoologists, annual. (J. 
F. Oliphant, Dept. of Biological Sciences, 
Stanford Univ.) 

Society of Systematic Zoology, Pacific 
section. (D. P. Abbott, Hopkins Marine 
Station, Pacific Grove, Calif.) 

Western Soc. of Naturalists, annual. 
(W. M. Hiesey, Carnegie Institution of 
Washington, Stanford, Calif.) 


Mazia, Univ. of California, Berkeley 4.) 
Society for Industrial Microbiology, 


annual. 


26-28. Gas Dynamics 


(J. C. Lewis, Agricultural Re- 


Symp., 
Evanston, Ill. (A. B. Cambel, Techno- 


2nd, 


Kee 


SAVE 15% with new PYREX brand 
ACCU-RED PIPETTES 


... get faster 


__________. sight line readings, too 


You can save up to $5.18 every time you order a package of 18 Accu- 
red measuring (Mohr type) or serological pipettes. 


Oddly enough, it’s the fact that these pipettes are so accurate that 
makes them cost you less. We’ve found a way of making fine bore 
tubing with such uniform inner diameters that we can calibrate and 
mark these pipettes much faster. 


Accu-red pipettes cost us less to make, so they cost you less to buy. 


You get sight lines, too. You'll notice on the back of Accu-red pipettes 
short lines which level perfectly with the major graduations. Use them 
—like gunsights—to get faster, more accurate readings. 


Both graduations and sight lines are in permanent LirETIME RED. 
Actually part of the glass itself. 


Plus the PYREX trademark. Because Accu-red pipettes are made of 
chemically resistant Pyrex brand glass No. 7740, they will not alter 
antigens, or biological or chemical solutions. Nor are they affected by 
most cleaning solutions. And, Pyrex brand pipettes withstand sterili- 
zations. 


Like all pipettes bearing the Pyrex trademark, Accu-red pipettes 
have extra strength built-in—double-bevelled tips, ground satin- 
smooth, reduce snag-induced tip breakage; uniform walls, unmarred 
by etched graduations, produce a stronger pipette from mouthpiece 
to tip. 


Cat. No. $82702 Pipettes, Measuring (Mohr Type) Accu-red 


Limit 
of Error | Quantity 
Per Pkg. 


Net Price Per Package 
in Assortments of 


Net 
Price 


Grad. 
Interval 
ml Per Pkg. 


20 Pkgs. [50 Pkgs. 1100 Pkgs, 


0.00 G9. 00.00.00 
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STANDARD SCIENTIFIC 


S 808 BROADWAY 
+ NEW YORK 3,N.Y._ 


LABORATORY 
APPARATUS 


REAGENTS 


ANO 
CHEMICALS 


logical Inst., Northwestern Univ., Evans- 
ton. ) 

26-29. Boundary Layer Research, in- 
ternatl. symp., Freiburg, Breisgau, Ger- 
many. (H. Gértler, Mathematisches In- 
stitut der Universitat, Hebelstrasse 40 
Freiburg, Breisgau. ) 

26-29. Mathematical Assoc. of America, 
38th summer, University Park, Pa. (H. 
M. Gehman, Univ. of Buffalo, Buffalo 14, 
N.Y.) 

26-30. American Mathematical Soc., 
62nd summer, University Park, Pa. (J. H. 
Curtiss, AMS, 190 Hope St., Providence 
6, R.I.) 

26-30. Infrared Spectroscopy Inst., 8th 
annual, Nashville, Tenn. (N. Fuson, In- 
frared Spectroscopy Inst., Fisk Univ., 
Nashville 8.) 

26-31. Low Temperature Physics and 
Chemistry, 5th internatl. conf., Madison, 
Wis. (J. R. Dillinger, Dept. of Physics, 
Univ. of Wisconsin, Madison 6.) 

27. Society for Industrial and Applied 
Mathematics, summer, University Park, 
Pa. (D. L. Thomsen, Jr., 807 Enquirer 
Bldg., Cincinnati 2, Ohio.) 

27-29. American Sociological Soc., an- 
nual, Washington, D.C. (Mrs. M. W. 
Riley, ASS, New York Univ., Washington 
Sq., New York 3.) 

27-30. Biological Photographic Assoc., 
27th annual, Rochester, Minn. (S. J. Mc- 
Comb, Section of Photography, Mayo 
Clinic, Rochester. ) 

28-30. American Inst. of Electrical En- 
gineers, Pacific general, Pasco, Wash. (N. 
S. Hibshman, AIEE, 33 W. 39 St., New 
York 18.) 

28-30. Gas Chromatography, internatl. 
symp., East Lansing, Mich. (H. J. Noe- 
bels|s IGC Symp., instrument Soc. of 
America, 313 Sixth Ave., Pittsburgh, Pa.) 

28-31. Soil Conservation Soc. of 
America, annual, Asilomar, Calif. (H. W. 
Pritchard, 838 Fifth Ave., Des Moines 14, 
Iowa. ) 

28-3. Cell Biology, 9th internatl. cong., 
St. Andrews, Scotland. (H. G. Callan, 
Dept. of National History, Beli Pettigrew 
Museum, The University, St. Andrews.) 

29-30. Computers and Data Processing, 
4th annual symp., Denver, Colo. (J. M. 
Cavenah, Denver Research Inst., Univ. of 
Denver, Denver 10.) 

29-30. Econometric Soc., European 
meeting, Luxemburg, Duchy of Luxem- 
burg. (Econometric Soc., Box 1264, Yale 
Station, New Haven, Conn.) 

29-31. Group Psychotherapy, 2nd inter- 
natl. cong., Zurich, Switzerland. (S. Le- 
bovici, 3, Avenue President Wilson, Paris 
16°, France. ) 

29-2. European Orthodontic Soc., an- 
nual, Genoa, Italy. (E. Fernex, 1, Place 
du Port, Genoa. ) 

29-3. International Geographical Cong., 
Tokyo, Japan. (W. W. Atwood, Jr., Na- 
tional Acad. of Sciences, 2101 Constitu- 
tion Ave., Washington 25.) 

30-5. American Psychological Assoc., 
annual, New York, N.Y. (R. W. Russell, 
APA, 1333 16 St., NW, Washington 6.) 

31-2, Astronomical League, annual, 
Kansas City, Mo. (Mrs. W. A. Cherup, 4 
Klopfer, Pittsburgh 9, Pa.) 

31-3, Psychometric Soc., annual, New 
York, N.Y. (P. DuBois, Dept. of Psychol- 
ogy, Washington Univ., St. Louis, Mo.) 
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Theyre Stock 
Their Purity guaranteed 


Our expanded facilities and our estab- 
lished reputation assure you of the best 
service in C14 and labeled compounds. 


Revised list of radiochemicals and 
current prices available upon request. 
Write for catalog No. 1054. 


For unusual requirements, please write 
for quotation. State quantity and desired 


SCHOTT 
Narrow Band Interference Filters 


Transmission to 45% .. . Half-band width 
down to 5 my... Peak wave-length region: from 
400 to 1,000 mp . . . Size of filters: 2” x2” . 
Regular quality 1 IL: Tolerance at peak wave length 
+1% .. . Precision quality PIL: Tolerance at 
peak wave length + 0.5%. 


Ask for Bulletin NBF-339 


FS Multi-Layer Interference Films 


Part of the spectrum is strongly reflected and the 
balance strongly transmitted, according to require- 
ments. Absorption is negligible. Transmission or 
reflection peaks as high as 85 to 90% but the spec- 
tral bands are relatively broad. 


Ask for Bulletin MI-318 


specific activity. 


SCHOTT-JENA Raw Optical Glass 


produced in West Germany, Now Available 


2005 Hopkins Stree’ 


RESEARCH SPECIALTIES Co. 
|. 
Berkeley, Calif. 


FISH-SCHURMAN CORPORATION 
74 Portman Road New Rochelle, N. Y. 


with 


Master Aerograph with Recorder, $1395 
Companion without Recorder, $895 
f.o.b. Berkeley 
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Tomorrow’s TECHNIQUES Today 


GAS-LIQUID CHROMATOGRAPHY 


ANALYZE: Volatile materials from gases to C-24- 
metyl esters. Column temperature: 25°-240° C, 


CONTROL: Standardization of raw materials and 
processes is rapid and accurate. 


SEPARATE: Components of mixtures can usually be PALMITATE 
separated by using one of various packings avail- - C-16 
able in easily interchangeable columns. Ty 
COLLECT: Purified compounds are readily collected. 
PURIFY: Samples are separated by many hundred STEARATE: ° 
theoretical plates and are well resolved. . €-18 
= t 
at 
WRITE FOR DESCRIPTIVE FOLDER ARACHIDATE + 
OR SEND VOLATILE SAMPLE FOR C-20 : 


Separation of ; methyl esters at 240°C.; 1 mv sensitivity; gas flow rate, 
100 ml/min; sample size, 5 mg in less than 1 hr. 


_ WILKENS INSTRUMENT & RESEARCH, INC. 


ACHESON BUILDING e BERKELEY, CALIFORNIA 
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«2FISHER 


has a mixer 
for every 
laboratory job! 


Fisher Scientific, America’s largest 
manufacturer-distributor of laboratory 
appliances, can supply you with the 
most comprehensive assortment of 
stirrers, mixers and shakers, including 
combination units which both heat and 
agitate. And you can get these, along 
with more than 15,000 other items of 
laboratory equipment and over 7,300 
chemicals, direct from stocks main- 
tained in the seven Fisher plants serv- 
ing the United States and Canada. 


STIRRERS ; 


Stirrers with adjustable $ 
speeds, changeable blades, ¢ 
electric or air driven, ¢ 
portable or os e 
mounting . ou’ll find e 
them all at Fisher Scien- 
tific. (Illustrated: Fisher 
Heavy-Duty Stirrer) 


MIXERS 


Motor-driven Fisher Mix- 
ers, with or without auto- 
matic timing, combine 
vibrating, tumbling and 
stirring agitation. For use 
with all types of liquids 
and solids. (Illustrated: 
Fisher Kendall Mixer) 


SHAKERS 


For mixing, dissolving 
and blending solutions, 
dispersions, emulsions and 
other liquids. (Illustrated: 
Fisher Gyrosolver) 


B-4la 
Write for handy bulletin It’s a 16-page 
guide to the selection and uses of Fisher 
Stirrers, Mixers and Shakers. 


139 FISHER BLDG., PITTSBURGH 19, PA. 
FISHER 
SCIENTIFIC 


Boston Buffalo Chicago Charleston, W. Va. 
Cleveland Detroit NewYork Philadelphia 
Pittsburgh St.Louis Washington Montreal - Toronto 


America’s Largest Manufacturer-Distributor of 
laboratory Appliances and Reagent Chemicals 
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September 


1-6. Laurentian Hormone  Conf., 
AAAS, Mont Tremblant, Quebec, Can- 
ada. (G. Pincus, LHC, 222 Maple Ave., 
Shrewsbury, Mass. ) 

1-7. Psychiatry, 2nd world cong., Zu- 
rich, Switzerland. (J. Wyrsch, Tottikon, 
Stans, Nidwald, Switzerland. ) 

1-16. Aeronautical Conf., 6th internatl., 
London and Folkestone, Kent, England. 
(S. P. Johnston, Inst. of Aeronautical 
Sciences, 2 E. 64 St., New York 21.) 

2-5. American Physiological Soc., Iowa 
City, Iowa. (M. O. Lee, 9650 Wisconsin 
Ave., Washington 14.) 

2-5. Passivity, internatl. symp., Darm- 
stadt, Germany. (German Bunsen Gesell- 
schaft, Postfach 11, Duisburg, Germany.) 

2-6. Operational Research, internatl. 
conf., Oxford, England. (T. Page, 7100 
Connecticut Ave., Chevy Chase, Md.) 

2-16. Carbon-14 Dating, 3rd internatl. 
conf., in conjunction with INQUA, Ma- 
drid-Barcelona, Spain. (M. Rubin, U.S. 
Geological Survey, Washington 25.) 

2-16. International Assoc. on Quarter- 
nary Research, 5th internatl. cong., Ma- 
drid-Barcelona, Spain. (M. L. Solé Sa- 
baris, Instituto Geolégico, Universidad, 
Barcelona. ) 

3-4. Meteoritical Soc., 20th annual, Los 
Angeles, Calif. (J. A. Russell, 3518 Uni- 
versity Ave., Los Angeles 7.) 

3-6. Calorimetry Conf., 12th, Went- 
worth-by-the-Sea, N.H. (H. A. Boorse, 
Pupin Physics Lab., Columbia Univ., New 
York, N.Y.) 

3-6. Matrix Computations Conf., De- 
troit, Mich. (W. Givens, Dept. of Mathe- 
matics, Wayne State Univ., Detroit 2.) 

3-14, International Union of Geodesy 
and Geophysics, 11th general assembly, 
Toronto, Ont., Canada. (J. A. Jacobs, 49 
St. George St., Toronto.) 

4-5. Society of General Physiologists, 
annual, Woods Hole, Mass. (A. M. 
Shanes, National Institutes of Health, 
Bethesda 14, Md.) 

4-6. Latency and Masking in Viral and 
Rickettsial Infections, symp., Madison, 
Wis. (A. S. Evans, Div. of Preventive 
Medicine, Univ. of Wisconsin Medical 
School, Madison 6.) 

4-6. Magnetic Amplifiers, technical 
conf., Pittsburgh, Pa. (G. F. Pittman, Jr., 
Westinghouse Electric Corp., P. O. Box 
10596, Pittsburgh 35.) 

4-11. British Assoc. for the Advance- 
ment of Science, 119th annual, Dublin, 
Ireland. (Secretary, BAAS, Burlington 
House, London, W.1, England.) 

5-7. American Physical Soc., Boulder, 
Colo. (W. A. Nierenberg, Univ. of Cali- 
fornia, Berkeley 4.) 

5-7. American Political Science Assoc., 
natl., New York, N.Y. (E. M. Kirkpatrick, 
APSA, 1726 Massachusetts Ave., NW, 
Washington 6.) 

6-12. Medicine and Social Hygiene, in- 
ternatl. symp., Trieste. (M. Lovenati, via 
Cavana 18, Trieste.) 

7-14, Odontostomatology, 12th inter- 
natl. cong., Rome, Italy. (G. Corradi, 16 
via Boezio, Rome. ) 

7-14, Sociology,.17th internatl. cong., 
Beirut, Lebanon. (G. Gini, via Adige 39, 
Rome, Italy.) 

8-12. International College of Sur- 
geons, 22nd annual, Chicago, Ill. (K. A. 


Books . . .— 


Essentials of 
Quantitative Analysis 


A. A. BENEDETTI-PICHLER, 
Queens College. Valuable laboratory 
manual and reference work for both 
organic and inorganic analysis. Book 
includes specific numerical data on the 
degree of precision of many unit opera- 
tions, and supplies equations by which 
limits of error can be calculated for al- 
most any quantitative operation. “Jm- 
pressive .. . thorough, and firmly based 
on valuable practical detail.” —The 
Chemical Age. 138 ills., tables; 666 
pp. $15 


The Evolution of Chemistry 


EDUARD FARBER. This challenging, 
absorbing story of the origin and history 
of chemistry provides a fuller under- 
standing of the concepts and methods of 
chemistry by integrating its evolution 
with progress made in other sciences 
and philosophies. Contains biographical 
sketches, writings and lectures of the 
world’s outstanding chemists. “. . . @ 
well-written, well-documented, ever en- 
grossing narrative,’ — The Science 
Counselor. 30 ills., 349 pp. $6 


A Short History of Medicine 


ERWIN H. ACKERKNECHT, .D., 
The University of Wisconsin Medical 
School. Based on the author’s extensive 
study of original sources, this survey 
presents the major trends in the history 
of medicine, interprets their application 
for modern practice, and brings out 
their significance in terms of scientific, 
sociological, and economic develop- 
ments. “J can recommend this book 
without reservation to everyone work- 
ing in any area of human biology.”— 
Joseph T. Velardo in The Scientific 
Monthly. 28 ills., 258 pp. $4.50 


Guide to Medical Writing 


HENRY A. DAVIDSON, M.D., Edi- 
tor, Journal of the Medical Society of 
New Jersey. Expert guidance on basic 
writing techniques for physicians, den- 
tists, nurses, pharmacists, and all who 
work in the health fields. Shows how to 
pin down ideas, organize and put sub- 
ject matter into readable form without 
sacrificing accuracy. Advice on research 
methods, marketing, etc. “Dr. Davidson 
is a born journalist and his book is a 
superb piece of concise exposition.”— 
The Lancet. 27 ills., 338 pp. $5 


Biogeography 

PIERRE DANSEREAU, University of 
Montreal. A new synthesis of the en- 
vironmental relationships of living or- 
ganisms, with emphasis on the higher 
plants. Using materials drawn from 
the author’s field work in many parts 
of the world, this book analyzes the 
components of the biogeographic com- 
munity in terms of their historical set- 
ting, their climatic tolerance, their ad- 
justment to habitat and to one another, 
and their genetic 183 ills., 
tables; 394 pp. $7.50 


Order your books from: 


THE RONALD PRESS COMPANY 


15 East 26th St., New York 10 
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Meyer, ICS, 1516 Lake Shore Dr., Chi- 
cago 10.) 

8-13. American Assoc. of Clinical 
Chemists, annual, New York, N.Y. (M. 
M. Friedman, Lebanon Hospital, New 
York 57.) 

8-13. American Chemical Soc., New 
York, N.Y. (A. H. Emery, ACS, 1155 16 
St., NW, Washington 6.) 

8-13. Nuclear Structure, internatl. 
conf. (IUPAP), Rehovoth, Israel. (A. de 
Shalit, Weizmann Inst. of Science, Re- 
hovoth. ) 

8-15. International Cong. of Crop Pro- 
tection, 4th, Hamburg, Germany. (Bio- 
logische Bundesanstalt fiir Land- und 
Forstwirtschaft, Messeweg 11-12, Braun- 
schweig, Germany.) 

9-11. Electron Microscope Soc. of 
America, annual, Cambridge, Mass. (D. 
M. Teague, Chrysler Corp., Box 1118, 
Detroit 31, Mich.) 

9-11. Quantitative Methods of Mam- 
malian Cell Culture, 2nd annual, Denver, 
Colo. (Office of Graduate and Postgradu- 
ate Education, Univ. of Colorado Medical 
Center, Denver 20.) 

9-13. Illuminating Engineering Soc., 
annual, Atlanta, Ga. (A. D. Hinckley, 
IES, 1860 Broadway, New York 23.) 

9-13. Instrument Automation Conf., 
12th annual, Cleveland, Ohio. (Instru- 
ment Soc. of America, 313 Sixth Ave., 
Pittsburgh, Pa.) 

9-15. Macromolecular Chemistry, inter- 
natl. symp., IUPAC, Prague, Czechoslo- 
vakia. (Secretariat, ISMC, 5, Technicka, 
Prague 6.) 

9-20. Radio-Isotopes in Research, 
UNESCO conf., Paris, France. (UNESCO 
House, 19, avenue Kléber, Paris 16°.) 

10-13. Alaskan Science Conf., 8th, An- 
chorage. (C. J. Beers, U.S. Coast and 
Geodetic Survey, College, Alaska. ) 

10-13. American Statistical Assoc., an- 
nual, Atlantic City, N.J. (D. C. Riley, 
ASA, 1757 K St., NW, Washington 6.) 

10-13. Biometric Soc., Eastern North 
American region, Atlantic City, N.J. (A. 
M. Dutton, Box 287, Sta. 3, Rochester, 
N.Y.) 

10-13. Econometric Soc., Atlantic City, 
N.J. (R. Ruggles, Dept. of Economics, 
Yale Univ., New Haven, Conn.) 

10-13. Institute of Mathematical Sta- 
tistics, annual, Atlantic City, N.J. (G. E. 
Nicholson, Jr., Dept. of Statistics, Univ. 
of North Carolina, Chapel Hill.) 

14-15. Minnesota Acad. of Science, 
Cedar Creek Forest. (M. R. Boudrye, 51 
University Ave., St. Paul 3, Minn.) 

15-18. American Inst. of Chemical En- 
gineers, natl., Baltimore, Md. (F. J. Van 
Antwerpen, AIChE, 25 W. 45 St., New 
York 36.) 

16-21. Orthopedic Surgery and 
Traumatology, 7th internatl. cong., Bar- 
celona, Spain. (J. M. Vilardell, Avenida 
Jose Antonio 654, Barcelona. ) 

17-20. International Union of Pure and 
Applied Physics 9th general assembly, 
Rome, Italy. (P. Fleury, IUPAP, 3, boule- 
vard Pasteur, Paris 15°, France.) 

17-24. Industrial Chemistry, 30th in- 
ternatl. cong., Athens, Greece. (Commit- 
tee of Organization, 30th internatl. Cong. 
of Industrial Chemistry, Rue Kaningos 
10, Athens.) 
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croscopes 


Meets the very highest 
requirements for research 
and scientific exploration, 
and provides unmatched 
versatility in many fields of 
microscopy. 


Features include sextuple revolving 
nosepiece if desired « 20 Watt built-in 
illumination e beam splitting photo- 
tube for binocular focusing for photo- 
micrography e phase contrast plus a 
complete line of attachments for 
every observation method. 


A highly precise instrument, 
ideal for the laboratory and 
many research applications. 


Lightweight, easily portable and self- 
protected by the sturdy steel hood, 
the Wild M 11 offers a degree of ver- 
satility and precision far beyond its 
price and size. Outstanding optics, 
low-placed fine adjustment, easily 
interchangeable accessories and 
many other features make this a 
most noteworthy instrument for hos- 
pitals, expeditions and educational 
institutions. 


DETAILED IONS NICAL 
IN BOOKLETS M20. 1. WRITE FOR YOUR COPIBS TODA ! 


WILD HEERBRUGG 
INSTRUMENTS, inc. 


Main at Gover Streets * Port Washington, N.Y. POrt Washington 7-4843 
SALES * FULL FACTORY SERVICES 
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EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


™ SURFACE-TEMPERATURE TRANSDUCER is 
said to be accurate between — 320° and 
950°F. The transducer consists of a 
woven grid of fine platinum wire. A 
resistance change of 100 ohms or more 
can be obtained for a temperature span 
of as little as 100°F. Response time is 
0.5 sec. A special cement is used to at- 
tach the transducer to the surface to be 
measured, (Charles Engelhard Inc., 
Dept. $425) 


@REPEAT-CYCLE TIMER uses resistance- 
capacitance networks for timing. Each 
- timing cycle initiates the next. On-time 
is adjustable from 0.2 to 200 sec, off- 
time from 0.1 to 60 sec. The intervals 
are interchangeable. (G. C. Wilson and 
Co., Dept. $296) 


ELECTROLYTIC HYGROMETER automati- 


cally and continuously measures water 
concentration in vapor samples with 5 
percent accuracy in the 0- to 1000-ppm 
range. The measurement is made by 
passing the sample-gas stream through 
an analytic element that absorbs and 
electrolyzes water present in the stream. 
The electrolysis current is a measure of 
the rate of absorption of water. The in- 
strument will measure samples at tem- 
peratures up to 100°C. An incorporated 
alarm system can be set at any point in 
the instrument’s range. Output will 
operate a 10 or 50 mv recorder. (Beck- 
man Instruments, Inc., Dept. $434) 


™ PRESSURE PICKUP may be installed in 
the body of a standard spark plug. It 
permits retention of the original thermal, 
ignition, and physical characteristics of 
the spark plug, and provides a tool for 
research on internal combustion engines. 
A pressure-sensitive diaphragm in the 
electrode cavity of the spark plug is 
linked with an unbonded strain gage 
contained in the outer plug body to pro- 
vide an electric signal. Pressure range is 
0 to 1000 Ib/in?. Full-scale output with 
22-v excitation is 20 to 30 mv. (Dynamic 
Instruments Co., Inc., Dept. $435) 


NALGON TUBING* is saving time 


and money in plants and laboratories 

everywhere. Perfect flexibility, high chemical 

resistance, absolute safety, true transparency and 

excellent dimensional stability prove efficiency in use . . . and it’s 

economical too! The ¥%” with 4,” wall sells for less than 15c 

per foot. You'll find NALGON easy to handle and available in all 
sizes from 4%” I through 2” . Ask your dealer for catalog E-956 


PRovuct 


™ PORTABLE POTENTIOMETER covers the 
range of 0 to 100 mv with a single ten- 
turn dial. Sensitivity is 0.05 mv and ac- 
curacy is given as +0.1 mv. The galva- 
nometer is of the torque suspension type 
and does not require locking in transit. 
Its low resistance makes the instrument 
suitable for use with thermocouples. 
(Williamson Development Co., Inc., 
Dept. S426) 


™ RADAR RESTITUTER automatically com- 
putes the errors that give rise to the 
distortions present in radar photography 
and produces a new photograph on 
which ground objects are accurately 
located. The chief distortions eliminated 
arise from the observation of slant dis- 
tance rather than ground distance and 
from the motion of the radar. The cor- 
rected photographs are suitable for com- 
pilation of maps. (Fairchild Camera 
and Instrument Corp., Dept. $427) 


™ MAGNETIC DRUM MEMORY stores more 
than 12,000 bits and associated clock and 
reference information in 14 channels, 
Each channel is 0.070 in. wide and has 
a capacity of 1024 bits. The drum is 3.5 
in. in diameter, and the case is 6 in. in 
diameter and 3.25 in. wide. The drum 
is belt-driven at speeds up to 15,000 rev/ 
min, Access time is approximately 1.25 
msec. Other models with up to 36 chan- 
nels will be produced. (Borg-Warner 
Corp., Dept. $436) 


™ TENSION METER has a range of | to 20 
lb, with greatest resolution at the low 
tension end. During operation, the ma- 
terial under test—for example, a wire— 
runs between two rollers and a third 
roller. The rollers deflect the material 
from a straight line and the meter meas- 
ures the force required. Readings are 
made while the material moves at pro- 
duction speeds. (Tensitron, Inc., Dept. 
S429) 


ScOUNTER with a range of 100,000 
counts is battery operated. A self-con- 
tained battery charger permits the in- 
strument to be kept in readiness for field 
use. Five glow-tube decades perform the 
counting, with push-button reset and a 
spring-wound timer providing a prede- 
termined time counting range from 0.25 
to 6 min. A step switch is also provided. 
(Nuclear-Chicago Corp., Dept. $440) 


@ SINGLE CRYSTALS as well as large-grain 
polycrystals are offered in most metals. 
A broad range of metal purity, crystal 
orientation, and overall size is available. 
The crystals may be obtained with the 
surface etched or electropolished, or 
with the surface unchanged from its con- 
dition at the end of growth. (Flow Cor- 
poration, Dept. S445) 

JosHUA STERN 
National Bureau of Standards 
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COLLAGENASE 


Available in two forms 


COLLAGENASE ABC FORM |! 
0-40% (NH,)2 SO, precipitate 


COLLAGENASE ABC FORM II 
22-28% (NH,)2 SO, precipitate 


For further information concerning this enzyme for 
or other fermentation-produced enzymes write to: 


DIRECTOR OF ENZYME RESEARCH PHOTOMICROGRAPHY 


AGRICULTURAL BIOLOGICALS CORP. 


LYNBROOK, NEW YORK 


Accurate determination of exposure time in ; ‘ 
black-and-white and color photomicrography _ 


Write for Bulletin #810 to Price $10 5, re) ° 3 
PHOTOVOLT CORP. 


95 Madison Ave. New York 16,N. Y. 


RLETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y, 
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GET YOUR ADVANCE COPY 


of the General Program-Directory 
of the AAAS Indianapolis Meeting 
by first class mail — early in December 


The General Program-Directory of the 124th Meeting of the AAAS in Indianapolis, Dec. 26-30, 
1957, will be available to anyone, at cost, within the first week in December—whether he can attend 
the Meeting or not. You will want the General Program-Directory for your reference shelf. 


Program content 

. The two-session general symposium, “Moving Frontiers of 
Science II: Concepts That Mold Our Lives,” arranged by 
the Committee on AAAS Meetings. 

. The six sessions of the Conference on Scientific and Tech- 
nical Editorial Problems. 

. Programs of the 18 AAAS sections (symposia and con- 
tributed papers). 

. Programs of the more than 60 participating societies. 

. The Special Sessions: AAAS, Academy Conference, Con- 
ference on Scientific Manpower, National Geographic 
Society, Phi Beta Kappa, Sigma Xi-RESA. 

. Details of the Murat Temple—center of the Meeting— 
and of the hotels and other session sites. 

. Titles of the latest foreign and domestic scientific films 
to be shown in the AAAS Science Theatre. 

. Exhibitors in the 1957 Annual Exposition of Science and 
Industry and descriptions of their exhibits. 


Directory content 
AAAS officers, staff, committees for 1957. 


. Complete roll of AAAS presidents and their fields. 


The 271 affiliated organizations. 


Historical sketch and organization of the Association; 
the Constitution and Bylaws. 


Publications of the Association. 

AAAS Awards and Grants—including all past winners. 
Membership figures by sections. 

Section committees (Council members) in detail. 


Local committees. 


. Future Meetings of the AAAS through 1962. 
. New and current activities of the AAAS. 


Advance Registration 


Advance registration has these decided advantages: 


1) You avoid delay at the Registration Center upon arrival; 2) You 
receive the General Program-Directory in ample time to decide, unhurriedly, which events and sessions you particular:y wish to 
attend; 3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


privileges of the Meeting. 


— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY — 


la. O Enclosed is $3.00 for my advance Registration Fee which brings me the Program-Directory, Convention Badge, and all 


1b. O Enclosed is $2.00 for only the Program-Directory. (It is understood that, if I should attend the Meeting later, the 


Badge—which is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 


(Check one) 


. FULL NAME (Dr., Miss, etc.) 
(Please print or typewrite) (Last) 


. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


. YOUR FIELD OF INTEREST 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $3.00 or $2.00 to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D.C. 
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APPLICATION FOR HOTEL RESERVATIONS 
124th AAAS MEETING 
Indianapolis, December 26-30, 1957 


The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
hotel room reservation in Indianapolis. Please send your application, not to any hotel directly, but to the AAAS 
Housing Bureau in Indianapolis and thereby avoid delay and confusion. (Exception: Members of the American 
Astronomical Society who wish reservations at the Marott Hotel, 2625 North Meridian Street, are asked to corre-. 
spond directly with that hotel.) The experienced Housing Bureau will make assignments promptly; a confirmation 
will be sent you in two weeks or less. 

As in any city, single-bedded rooms may become scarce; double rooms for single occupancy cost more; 
for a lower rate, share a twin-bedded room with a colleague. Most hotels will place comfortable rollaway beds 
in rooms or suites at 2.50 to 3.00 per night. Mail your application now to secure your first choice of desired accom- 
modations. All requests for reservations must give a definite date and estimated hour of arrival, and also probable 
date of departure. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
Rates for Rooms with Bath 
All hotels have sessions in their public rooms. For a list of headquarters of each participating society and section, please 
see Science, July 19, or The Scientific Monthly for August. 
Hotel Single Double Bed Twin Bed Suite 
Antlers $4.50—10.00 $7.00—-12.00 $10.50-12.00 $14.50-19.50 
Claypool 7.00—10.00 9.50—14.00 10.50—14.00 13.50-34.00 
Continental 8.00—10.00 8.00-12.00 8.00—12.00 12.00—15.00 
Marott 7.00-14.50 9.09-14.50 10.00-17.50 14.50 and up 
Severin 6.00— 9.00 8.50-12.50 11.00—-15.00 25.00 
Sheraton-Lincoln 6.50-11.50 9.85-15.00 13.35-16.00 24.35 and up 
Warren 6.50—10.50 8.50—-12.50 12.00—13.00 25.00—35.00 
Washington 5.50-10.00 7.03-11.00 11.50—16.00 18.00-45.00 
AAAS Housing Bureau 


Indianapolis 4, Ind. 
Please reserve the following accommodations for the 124th Meeting of the AAAS in Indianapolis, Dec. 26-30, 1957: 
TYPE OF ACCOMMODATION DESIRED 


Twin-Bedded Room .......... Desired Rate Maximum 5. 

Rate. Maximum Rate ............. Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


(These must be indicated—add approximate hour, a.m. or p.m. 

(Individual requesting reservation) (Please print or type) 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
19 JULY 1957 


4 
| 
ue 
139 


‘PERSONNEL PLACEMENT—— 


CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


Single | insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week) 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 


POSITIONS WANTED |i 


Physiologist-Pharmacologist, Ph.D., 40; 
years’ teaching experience and 3 years’ indus- 
trial experience. Publications. Member pertinent 
societies. Desires a challenging teaching, with 
independent research, Available Sep- 
tember. Box. 211, SCIENCE. 7/12, 19 


Pathologist, Bacteriologist, D.V.M., 

Ph.D.; teaching-research experience, compara- 
tive pathology, infectious diseases; publications. 
Desires primarily research position. Box 215, 
SCIENCE. 7/1 9 


OPEN || 


Bacteriologist experienced in routine and re- 
search work in tuberculosis. Some knowledge of 
clinical blood chemistry desired, State training 
and experience, also salary desired. Write Di- 
rector, Will Rogers Memorial Hospital Labora- 
tory, Saranac Lake, New York. x 


Director, diagnostic and research tuberculosis 
laboratory, central Florida, physician or non- 
physician microbiologist or clinical chemist. 
Part-time employment will be considered. Write 
Dr, Albert. V. Hardy, Director, Bureau of Lab- 
oratories, State Board of Health, P.O. Box 210, 
Jacksonville, Florida. uc 


Instructor in Biochemistry, eastern metropolitan 
medical college. Ph.D. required. Salary de- 
pendent upon qualifications. ‘Available 1 Septem- 
ber, Apply Box 217, SCIENCE. 7/19 


Medical Writer Abstractor 


Immediate opportunity in adver- 
tising department of pharmaceutical 
firm for person with biological sci- 
ence training and experience in 
screening and abstracting scientific 
articles and in rewriting abstracts 
and other related medical writing. 


Please forward résumé to 
Personnel Director 
Eaton Laboratories Division 
Norwich Pharmacal Company 
Norwich, New York 


| Hospital Biochemist for a clinical 
chemistry laboratory of a large university hospi- 
tal affiliated with a medical college; also teach- 
ing opportunity. Broad experience is required. 
Salary range, $7047 to $7830, Liberal personnel 
policies, Please address your communication in- 
dicating your background and experience to the 
‘Adaniateatinns Office, Cincinnati General Hos- 
pital, 3231 Burnet Avenue, Cincinnati 29, Ohio, 
6/21, 28; 7/5, 12, 19, 26; 8/2 


Postr10Ns iil 


McGRAW-HILL 


SEEKS 


ENCYCLOPEDIA EDITOR 


IN 


ASTRONOMY- 
MATHEMATICS 


If your background is in as- 
tronomy and mathematics, and 
you are interested in a career 
of scientific publishing, here is 
your once-in-a-lifetime oppor- 
tunity. The McGraw-Hill Book 
Company is producing a multi- 
volume Encyclopedia of Sci- 
ence and ‘Technology. The 
qualified man will become a 
member of the editorial staff 
which will plan and produce 
this encyclopedia, coordinating 
the efforts of the world’s au- 
thorities who will write the 
basic articles for the encyclo- 
pedia. 


The encyclopedia offices are 
in beautiful Charlottesville, 
Virginia, a university town in 
the foothills of the Blue Ridge 
mountains The _ staff-editor 
positions are permanent since 
the encyclopedia will be kept 
up to date by continuous re- 
vision and a _ yearbook will 
be published. 


Send your resume and salary 
requirements directly to Me- 
Graw-Hill Encyclopedia of Sci- 
ence and Technology, Box 
3757, University Station, 
Charlottesv ille, Virginia. 


Microbiologist. To head laboratory in Surgical 
Research Department. Dual appointment—sur- 
gery and microbiology. Rank and salary depend 
on qualifications. Experience with clostridial 
toxins needed. Address Department of Surgery, 
Louisiana State University, School of 
New Orleans, La. 7/26; 8/2, 9 


Physical or Photo Chemist needed by medical 
research foundation presently engaged in re- 
search work in biologics and ultraviolet. Will be 
trained to assist and aid in supervision of in- 
vestigational programs. Excellent, — op- 
portunity available. Box 219, SCIEN 

“26; 8/2 


Principal Scientist. For the research program of 
new ly established radioisotope laboratory in 
500-bed Veterans Administration GM&S Hospi- 
tal; full-time teaching and research position with 
medical school | staff appointment. Candidates 
should have a Ph.D. degree in physics, bio- 
physics, or biochemistry. Opportunity for inde- 
pendent research. Salary range $7465-$8645, 
depending on qualifications and experience. Ad- 
dress Chief, Radioisotope Service, V.A. Hospi- 
tal, Little Rock, Arkansas. x 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for Sep- 
tember positions in many states and many for- 
eign lands. No fees. Apply direct. Also study 
awards, og $1 for complete job data, ae 
CRUSADE, SCI, Box 99, Station G, 


22, 


lll 


Graduate Service Fellowships: Available 1 Sep- 
tember 1957, in pharmacology and biochemistry. 
Stipend depends on qualifications. Program 
leads to Ph.D. Dr. James Rice, Chairman, 
Department of Pharmacology, University Medi- 
cal Center, Jackson, Mississippi. a 


The Market Place 


BOOKS + SERVICES + SUPPLIES « EQUIPMENT 


DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


$22.00 per inch 

21.00 per inch 

20.00 per inch 

19.00 per inch 

For PROOFS on display ads, copy must 
IENCE 4 


reach SC weeks before date 
of issue (Friday of every week). 


Single insertion 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 


BOOKS AND MAGAZINES 


Sets and runs, foreign 
SCIENTIFIC and domestic. Entire 

libraries and smaller 
PERIODICALS 


and BOOKS collections wanted. 


WALTER J. JOHNSON, INC. 
111 Fifth Avenue, New York 3, New York 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service; N. Y. 3, N. Y 


THE LUMINESCENCE 
OF BIOLOGICAL SYSTEMS 


edited by Frank H. Johnson 


6” x 9’, clothbound, 466 pp., 
genera and species, subject and author 
indexes, bibliographies 
$7.00 ($6.00 for cash orders 
by AAAS members) 


“The recent rapid development of 
bio-luminescence is well illustrated by 
the book and it should hasten the transi- 
tion of the field from a highly special- 
ized area to one having many points of 
contact with other parts of both physi- 
ology and chemistry.” American Scien- 
tist, Autumn 1956. 


The volume includes papers and dis- 
cussion on fundamental aspects of “cold 
light” given at a recent international 
conference. Leading investigators pro- 
vide a critical evaluation of current 
knowledge while exploring approaches 
to unsolved problems. The free inter- 
change of ideas in the discussions inten- 
sifies the stimulating nature of the book. 


AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


1515 Massachusetts Ave., NW, 
Washington 5, D.C. 
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The Market Place 


BOOKS + SERVICES SUPPLIES EQUIPMENT 


ill BOOKS AND MAGAZINES || 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 

riodical files you are willing to sell at high mar- 
fet prices. Write Dept. A3S, J. S. CANNER, Inc. 
Boston 19, Massachusetts 


PROFESSIONAL SERVICES ||| 


LaWall & Harrisson- 


Oty, S, 1821 Walnut St, Philadelphia 3, Pa. 


Foods Drug problems 


Pharmacological 


4101 
Request We, 
Brochure and MANU Angeles 
LABORATORIES A 
CHEMISTRY INC. HAWAIIA’ 
on letterhead Bactorlologists Hawaii 


Wa W. Truesdail, Ph.D., President 
C.E. P. Jeffreys, Ph.D., Technical Director 


|\\|| SUPPLIES AND EQUIPMENT AIM 


SPRAGUE-DAWLEY, 
INC. 


PIONEERS IN THE 
DEVELOPMENT OF 
THE STANDARD 
LABORATORY RAT 


OUR PLEDGE: Our insistence 
on the highest possible quality 
will never be sacrificed to 
quantity. 


Sprague-Dawley, Inc. 
P.O. Box 2071 
Madison 5, Wisconsin 


Phone: CEdar 3-5318 


19 JULY 1957 


for 


RESEARCH and 
DEVELOPMENT 
ENGINEERS and 
SCIENTISTS 


Nuclear Marine Propulsion 


A relatively new and far-reaching field and a major 
industrial leader — together they offer unparalleled 
opportunities for men well versed in fundamentals 
of design and development of nuclear power plants 
and associated equipment. 


The Knolls Atomic Power Laboratory is currently 
devoting its applied research facilities to the 
development of two distinct marine propulsion systems 
—one for the submarine, Triton, the world’s largest; 
and one for the Navy’s first nuclear-powered destroyer. 
Here you'll join nationally prominent engineers and 
scientists working out the new and challenging 
technical problems presented by these advanced projects. 


Immediate Openings at all levels in: 


Stress Analysis ¢ Instrumentation e Mechanical Design 
Applied Mathematics e Electronics e Heat Transfer 
Theoretical and Experimental Physics « Fluid Fiow 
Chemistry ¢ Chemical Engineering ¢ Metallurgy 


The Knolls Atomic Power Laboratory also offers 

a full-tuition refund, work-study plan leading to an 
M.S. at Rensselaer Polytechnic Institute, open to 
above-average graduates who have received a B.S. 
degree within the past three years. In addition to 
this plan, full-time employees may pursue advanced 
degrees by evening studies with full-tuition refund. 


A letter expressing your interest will receive 
immediate attention. Please address all replies to 
Mr. A. J. Scipione, Dept. 63-WD. 


<> Knolls Alomic Power Labordiory 


OPERATED FOR A.E.C. BY 


GENERAL ELECTRIC 


SCHENECTADY. N. Y. 
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KARLER-MISCO UNIT 


O 


WRITE FOR DETAILS 


MICROCHEMICAL SPECIALTIES CO: 


UNIVERSITY AVENUE 


HOLTZMAN 
COMPANY 


. continuous group uniformity 


Rte. 4, Box 205 Madison, Wis. 
Phone ALpine 6-5573 


ALBINO RATS 


Our mass production methods insure 
greatest uniformity and consistency 
Price list on request 


DAN ROLFSMEYER CO. @ Ph. 6-6149 
Route 3, Syene Road, Madison, Wisconsin 


TRY “TP” (Thermal Precipitation) 


For precise dust determinations 


5 Different Models employing Continuous, 
Oscillating or Gravimetric Methods to 


choose from. 
Joseph B. Ficklen III 
” Hngineers for 20 year: 


BERKELEY 36 CALIFORNIA 


BACTERIOLOGICAL AND _ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 


2548 NORTH 27th ST. PHILA. 32, PA. 


SWISS MICE 


TACONIC 
FARMS 


GERMANTOWN, NEW YORK — Phone 3535 


“From the hand of 
the veterinarian 
to research” 


albino rats” 


Hypophysectomized 
Rats 


*Descendants of the 
Sprague-Dawley and 


istar Strains 


HENRY L. FOSTER, D.V.M. 


President and Director 


THE CHARLES RIVER BREEDING LABS. 


Dept. B, Wilmington, Mass. 


SWISS — WEBSTER 


ARMER ENTERPRISES 
Croton Falls, N.Y. 


YOU can TELL and SELL 
more than 33,500 scientists 
here ... at a very low cost. 


our sales message in an ad this sise costs only 
388. 00 at the one-time rate—leas for multiple in- 
sertions. And the results|—well, here’s what one of 
the many satisted advertiser in SCIENCE bas to 


ts consistently oar mest profitable 
modiem. Business secered solely thre SCIENCE 
“We carry a considerable amount ef advertising 
tn various periodicals, bet none Is se productive 
of results as SCIENCE.” 


Prove to yourself the effectiveness of SCIENCE in 
in your and PROFITS—send 
your ‘‘Copy’’ NOW—or write for further information 
and Rate Card No. 29-A. 


1515 Mass Ave., N.W. 
SCIENCE Mass Ave. NW. 
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Keep your copies of 
SCIENCE always avail- 
able for quick, easy 
reference with this 
all-purpose 


BINDER 


@ It’s PRACTICAL—simply snap the 
magazine in with a strong flat wire, 
without cutting, punching, or muti- 
lating. Snap it out just as easily ... 
all in a matter of seconds. It opens 
FLAT—for easy reference and read- 
ability. Holds 26 issues. 


@ It’s ATTRACTIVE—in beautiful ma- 
roon buckram, stamped in gold leaf. 
A fine addition to your library. 


@ It?s DURABLE—sturdily constructed 
to withstand much use—ideal for 
classroom, laboratory, and library. 


@ It’s PERSONAL—your name stamped 
on the cover for only 75¢ in addition 
to the regular price of $3.25—the 
year of issue will be included for 
50¢ extra. 


$33.25 


POSTPAID 


Personal check or 
_ money order, please 


ORDER YOURS NOW! 


Science 


1515 Massachusetts Ave., NW, 
Washington 5, D.C. 


SCIENCE, VOL. 126 


CONTINUOUS 
FL_IW 
INQ, 
\ 


International 


STANDARDS 


SIZE 1, MODEL SBV CENTRIFUGE 


accommodates: 
pFizontal swingi 


ads 
2 ed attachnrii¢ 
4 Basket style he ad 


SPEEDS and FORCES — 
speed 079000 r.p.m. 


C.F. — up to 5100 G 


ed attachment provides 
20,000 r.p.m. and 2%500 
CAPACITY — 


Standard glass and plastic 
from 10 ml. to 250 mk 
Total maximum capacity — 1000 m 


SIZE 2, MODEL V CENTRIFUGE 
VERSATI ITY — accommodates 


SPEEDS and FORCES — 
Adjustable speeds u 
R.C.F. — up to 4060 G. 
Multis attachment provides 

utepeed att and 25, doo G. 

CAPACITY — 

Standard glassware fromjl0 ml. to 650 ml. 

Plastic containers up to [000 ml 

Total maximum capacit 


Throughout the world there are stand 
many products. For Laboratory Centri 
comparison is, invariably, International’s Sive 
Centrifuges are truly International Standards. 


International Equipment Company offers you the/experience 


for these machines, are completely manufacturg@ in the Interna- 
tional Plant, eliminating the chance of obsolg$cence of the whole 
machine for lack of one of its parts. AcgéSsories are thoroughly 
tested and rated for the model in whjefi they are to be used. To 
assure “follow-up” safety for thgetiser, Speed and Force Tables 
are provided, giving perfogawthce expectations and safety limits 
‘or each combingtion-f accessories. 

With such built-in reliability, it is small wonder that bid speci- 
fications, government or private, the world over, call for these 
International Centrifuges. 


International Equipment Co. 


1284 SOLDIERS FIELD ROAD * BOSTON 35, MASSACHUSETTS 
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Unsurpassed 
Precision 


For Cellular 
RResearch 


The NEW AO Micromanipulator* 
Operates under the principle of thermal 
expansion ... the most precise system 
of control yet devised. In fact, precise 
beyond the resolution power of modern 
compound microscopes. 

Accommodates four magnetically attached 
microtools at the same time...two can 
be operated simultaneously . .. two in 
“stand-by” readiness. 

Ratio of hand to microtool displacement 
continuously variable within range of 
250:1 to 50,000:1. 


Lateral and horizontal fine controls per- 
mit precise control within range of 0.5 
to 450 microns. 

Vertical fine controls permit accurate 
movements. of 0.5 to 650 microns. 
Coarse control knobs swiftly and accur- 
ately position the microtools within 
microscopic field. 

Microscope table is retractable for quicker 
change of microtools and specimen 
chambers...repositions within 10 microns. 
Essentially, all the necessary skill and dex- 
terity has been built into the instrument. 


If your research problems require more precise micrurgy, we invite you 
to investigate this new AO Instrument. 


* Developed and built at the 


+ TM. Reg. ‘by American Optical Company 


American Optical Instrument Division 
Buffalo 15, New York 


DEPT. S-3 


Please send me illustrated brochure (SB3) 
on the NEW AO Micromanipulator. 


Hastings Laboratories, Bass River 

Massachusetts under the supervision of J. A. 
Hastings, at the suggestion of Vannevar Bush, 
Carnegie Institution of Washington, D. C., with 
W. R. Duryee, formerly of National Cancer Institute, 
Washington, D.C. acting as consultant. 


Name... 


American Optical Company 


Address 


Instrument Division Buffalo 15,N.Y. 
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